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Species of fungi in the genus Fusarium infect a variety of commercially important 
crops, including maize. Many of these species also produce a variety of secondary 
metabolites ( mycotoxins ), which have been implicated in numerous human and livestock 
illnesses. Fusaproliferin is one such compound that has this potential because it is produced 
by F. proliferatum and F. subglutinans, species that commonly infect maize. 
To identify optimal conditions for fusaproliferin production and to elucidate the 
relationship between fusaproliferin and deacetyl fusaproliferin, another secondary metabolite 
produced by F. subglutinans, three strains of F. subglutinans were cultured for 6 weeks at 
20°C and 25°C on solid maize kernels. Fusaproliferin production and the ratio of 
fusaproliferin to deacetyl fusaproliferin were both dependent on temperature and fungal 
strain. Fusaproliferin production was greatest at 25°C, with ITEM 2404 ( 4342 µg/g) and 
ISU93277 (3898µg/g) exhibiting the greatest production. Deacetyl fusaproliferin production 
was higher at 20°C (mean concentration= 3614 µg/g), but its concentration did not 
substantially increase until after week 3. The ratio of fusaproliferin to deacetyl fusaproliferin 
decreased over time but was always >I at 25°C for ITEM 2404 and ISU93277, a trend not 
seen at 20°C. Therefore, 25°C was a superior incubation temperature in terms of overall 
fusaproliferin production and the ratio of fusaproliferin to deacetyl fusaproliferin. 
Fusaproliferin and beauvericin were incorporated into artificial diets to study the 
developmental effects of two lepidopteran pests of maize, the European corn borer, Ostrinia 
nubilalis and fall armyworm, Spodoptera frugiperda, from the larval to adult stages. The use 
of methanol as the solvent affected the larval and pupal development of S. frugiperda but not 
Vll 
0. nubilalis. Neither mycotoxin affected the overall development of 0. nubilalis. The 
development of S. frugiperda was also not affected by consumption of either mycotoxin, 
although some non-dose related developmental effects were seen. Larval and pupal mortality 
of either insect were not significantly affected by treatment. The lack of oral toxicity of 
beauvericin to the two insect species, combined with previous data, suggests that beauvericin 
is not a potent insect toxin. This is the first report regarding the potential activity of 





Fungi in the genus Fusarium Link are plant pathogens, cause infection and disease in 
both humans and livestock, cause food storage problems, and produce toxic secondary 
metabolites (Booth, 1984). Although F. roseum was the first species formally identified in 
1809, reports of Fusarium infection can be found before this date (Booth, 1984). A 
Franciscan friar in the 16th century provided the first written description of ear rot by 
deciphering descriptions of maize pathogens present during the Aztec civilization (Booth, 
1984). These descriptions were not recognized initially because each civilization had 
developed their own terminology for identifying the same plant pathogens. 
The impact and prevalence of this genus should not be underestimated. Fusarium 
spp. affect a variety of commercially important crops (Gordon, 1959; Balkan et al., 1979; 
Kommedahl and Windels, 1981; Moss and Smith, 1984; Gupta et al., 1991; Ploetz, 1994) by 
decreasing the quality and quantity of crop production worldwide. Fusarium spp. cause 
seedling blight, ear, root, and stalk rot on cereals and are ubiquitous as they are dispersed by 
air currents, splashing water, animals, or insects. 
The ability of Fusarium to colonize, especially on cereal crops, is strongly influenced 
by environmental conditions. Bottalico et al. (1989) found maize plants that received 
increased amounts of nitrogen fertilizer and/or grew in dense populations had a higher 
incidence of Fusarium related diseases. Environmental conditions that cause stress to hosts 
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leads to a greater risk of infection (Kommedahl and Windels, 1981 ). Millions of dollars are 
spent each year to prevent/ward off these pathogens. 
These microorganisms are able to survive and thrive because they can conform to 
various environmental conditions and have adapted to exploit plants in times of 
environmental stress. Fusarium 's continued survival is due, in large part, to its 
morphological, physiological, and genetic adaptability (Booth, 1971 ). 
Fusarium subglutinans. 
F. subglutinans (Wollenweber & Reinking) Nelson, Toussoun, and Marasas is 
present on a variety of substrates and was first identified as F. moniliforme Sheldon var. 
subglutinans by H.W. Wollenweber and O.A. Reinking in 1925. It was originally isolated 
from decaying leaves and in the vascular tissues of the banana's exterior pseudo stem 
(Wollenweber and Reinking, 1925). This species contains microconidia present as false 
heads, not chains, which distinguishes it from F. moniliforme Sheldon (W ollenweber and 
Reinking, 1925), a closely related species. Other distinguishable characteristics include the 
absence of chlamydospores. In 1983, Nelson et al. established F. subglutinans as a distinct 
species. Both Wollenweber and Reinking (1925) and Nelson et al. (1983) noted other 
distinguishing characteristics, but Nelson et al. (1983) also noted the presence of 
polyphialides in addition to the monophialides that had previously been identified for this 
species as well as for F. monilif orme. 
The perithecial, or sexual, state of F. subglutinans was also renamed from Gibberella 
fujikuroi (Sawada) Wollenw. var. subglutinans Edwards to G. subglutinans (Edwards) 
Nelson, Toussoun, and Marasas (Nelson et al., 1983), although the current use of this name 
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in the literature is limited. The teleomorph of F subglutinans has been designated as a 
member ofboth the "B" and "E" mating populations ofG.fujikuroi (Leslie et al., 1991), 
whose isolates are known to produce beauvericin and fusaproliferin, two toxic secondary 
metabolites (Moretti et al., 1996). Although the current concept of F. subglutinans is limited 
to strains from maize (mating population E), this species has taken various "identities" due to 
reports of similar fungi on many hosts. Some fungi previously described as F. subglutinans, 
however, have been reclassified as other Fusarium spp. within the G. fujikuroi complex 
(Table 1. 1). 
F. subglutinans on maize is found predominantly in temperate regions throughout the 
world including the Central US, Canada, parts of Australia, New Zealand, Poland, and Peru 
(Marasas et al., 1979; Logrieco et al., 1993a; di Menna et al., 1997; Vigier, 1997). The most 
common entry routes for these fungal species are through the silk channel or insect damage. 
In addition, F. subglutinans produces at least four toxic secondary metabolites, moniliformin, 
fusaric acid, beauvericin, and fusaproliferin. These mycotoxins are naturally occurring, 
occur singularly or with other mycotoxins, and adversely affect humans and livestock (Cole 
et al., 1973; Jain, 1982; Thiel et al., 1982; Ojcius et al., 1991; Smith and Sousadias, 1993; 
Ritieni et al., 1997b; Munkvold et al., 1998). 
Mycotoxins 
In addition to causing substantial economic damage to the vegetation they infect, 
certain Fusarium spp. produce toxic secondary metabolites, collectively termed mycotoxins. 
These compounds are produced singularly but can co-occur with other mycotoxins (Bottalico 
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et al., 1989). They can be cytotoxic, carcinogenic, mutagenic, teratogenic, phytotoxic, and 
antimicrobial, as well as having immunosuppressive and insecticidal effects (Betina, 1984). 
The ingestion of Fusarium-contaminated agricultural products by livestock or 
humans can result in diseases collectively classified as fusariotoxicoses, which produce 
physiological and pharmacological changes. Consumption of mycotoxin-contaminated 
products by livestock can result in adverse health effects and possibly death. These 
illnesses, such as equine leukoencephalomalacia, porcine pulmonary edema syndrome, T-2 
toxicosis in swine, and tibial dyschondroplasia, are generally associated with the 
consumption of contaminated feed (Mirocha, 1984). However, certain human diseases, such 
as Alimentary Toxic Aleukia (ATA) and human esophageal cancer have also been linked 
with the consumption of Fusarium-contaminated grain (Joffe, 1986; Sydenham et al., 1991 ). 
Mycotoxins can be present in the ear and kernels and translocated from the site of 
infection (Young and Miller, 1985; Siame and Lovelace, 1989; Bottalico et al., 1989; 
Sydenham et al., 1991; Logrieco et al., 1993b; di Menna et al., 1997). Studies have 
illustrated that these toxins can be present on a variety of maize parts, and pose a hazard for 
consumption of any plant part. Specifically, the production of moniliformin, fusaric acid, as 
well as beauvericin and fusaproliferin ( which will be discussed later in this chapter) by F. 
subglutinans have received increased attention since this species is a worldwide pathogen of 
maize. 
Moniliformin was initially isolated from naturally-infected maize containing F. 
moniliforme and subsequently isolated from several other Fusarium spp. including F. 
subglutinans and F. proliferatum (Matsushima) Nirenberg (Cole et al., 1973; Rabie et al., 
1982; Thiel et al., 1982; Logrieco and Bottalico, 1988; Marasas et al., 1986; Logrieco et al., 
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1995). Moniliformin has been isolated from a variety of substrates, and its production varies 
among geographical regions and fungal isolates (Cole et al., 1973; Kriek et al., 1977; 
Burmeister et al., 1979; Rabie et al., 1982; Thiel et al., 1982; Marasas et al., 1986; Logrieco 
and Bottalico, 1988; Kostecki et al., 1999). Moniliformin is toxic to I-day-old cockerels, 1-
day-old chicken embryos, 1 and 7-day-old Pekin ducklings, and mice (Cole et al., 1973; 
Kriek et al., 1977; Burmeister et al., 1979). It is also phytotoxic and a growth inhibitor of 
tobacco and corn seedlings. 
Fusaric acid was first isolated from rice seedlings infected with F. heterosporium 
Nees and identified as a compound that retarded plant growth (Yabuta et al., 1934). Fusaric 
acid has been primarily isolated from Fusarium species and is present on a variety of 
substrates (Bacon et al., 1996). Based on studies using human serum, rat melanoma, as well 
as bovine and mouse brains, this toxin inhibits dopamine B-hydroxylase, and it is phytotoxic 
as well as a neurotoxin (Gaumann, 1957; Jain, 1982). Fusaric acid is naturally produced, 
having been detected in swine feed (Smith and Sousadias, 1993). F. solani was used to 
establish its insecticidal nature, and a later study found fusaric acid had a synergistic effect 
when mixed with trichothecene toxins and toxic alleochemicals (Claydon et al., 1977; Dowd, 
1988). 
Fusaproliferin 
A 1994 study completed by Nagaraj et al. investigated the toxic effects of F. 
proliferatum on baby chicks. Researchers were unable to account for the observed toxicity 
based on the concentration of moniliformin (30.6 µg/g) and fumonisin B1 (44.7 µg/g) present 
in F. proliferatum contaminated maize. Previous research with diets containing up to 64 
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µg/g of moniliformin and 400 µgig ofFB1 did not produce toxicoses in 7-week-old chicks 
and broiler chicks respectively, leading Nagaraj et al. to conclude a possible interaction 
occurred with an unidentified mycotoxin. 
Logrieco et al. (1995), using culture extracts of F. proliferatum, also concluded that 
the presence of an unknown mycotoxin might be involved with the level of toxicity observed 
in the brine shrimp, Artemia salina L., bioassay. The authors stated that although production 
of beauvericin varied, toxicity occurred with extracts of samples where beauvericin was not 
detected. Subsequent research led to the isolation and characterization of fusaproliferin, in 
Northern Italy, from F. proliferatum (ITEM-1494), a member of the Fusarium Section 
Liseola (Randazzo et al., 1993; Ritieni et al., 1995; Santini et al., 1996). Further tests found 
it to be an isoprenoid with a chemical formula C27Hrn05 (Randazzo et al., 1993; Ritieni et al., 
1995; Satini et al., 1996). Fusaproliferin is a sesterterpene with a skeleton terpene ring not 
previously found in any other sesterterpene compounds and was the first sesterterpene 
identified from Fusarium spp. 
These results led researchers to test F. moniliforme, F. globosum Rheeder, Marasas, 
and Nelson, and F. subglutinans, all in Section Liseola, for their ability to produce 
fusaproliferin. Previously extracts from various F. subglutinans strains exhibited toxicity to 
A. salina that could not be attributed to beauvericin, leading researchers to believe an 
unknown toxic metabolite was involved (Logrieco et al., 1993a; Logrieco et al., 1993b; 
Moretti et al., 1995). Fusaproliferin was subsequently isolated from strains of F. 
subglutinans collected from various regions of the world, as well as one South African strain 
of F. globosum (Logrieco et al., 1996; Rheeder et al., 1996; Shepard et al., 1999). However, 
fusaproliferin was not produced by F. moniliforme (Moretti et al., 1995). Fusaproliferin has 
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been shown to be cytotoxic to lepidopteran cells and IARC/LCL 171 human B-lymphocytes, 
as well as being teratogenic to chicken embryos (Logrieco et al., 1996; Ritieni et al., 1997a), 
but its effects on mammals have not been established. 
Fusaproliferin was first established as a natural maize contaminant in Italy when it 
was detected in 9 of 22 F. proliferatum-contaminated maize samples, some of which also 
were contaminated with fumonisin B1 and beauvericin (Ritieni et. al., 1997b). Further 
studies carried out on Fusarium-contaminated livestock feed by Munkvold et al. (1998) 
provided the first report of the natural occurrence of fusaproliferin in the United States, and 
its co-occurrence with beauvericin from F. proliferatum-contaminated feed. Results from 
this study showed that feed samples containing F. subglutinans (100% of the strains tested) 
and F. proliferatum (81 % of the strains tested) were able to produce fusaproliferin. Both 
fusaproliferin and beauvericin also were present on Fusarium-infected homegrown corn in 
Southern Africa, although specific species were not distinguished (Shepard et al., 1999). 
Many apparently mycotoxin-related clinical cases in livestock cannot be explained by 
the occurrence of previously described mycotoxins. Newly identified toxins such as 
fusaproliferin may play a role in animal health problems and serve as an explanation for 
some of these cases. The natural occurrence of fusaproliferin in both Italian maize and Iowa 
feed and its ability to co-occur with other mycotoxins point in that direction. Fusaproliferin-
contaminated feed samples from Iowa were associated with feed refusal by swine, but further 
research needs to be carried out to evaluate a possible causal relationship. In addition, 
humans may also be adversely affected by this mycotoxin based on its limited toxicity 
profile, natural occurrence, and ability to co-occur with other mycotoxins (Moretti et al., 
1995; Logrieco et al., 1996; Ritieni et al., 1997b; Munkvold et al., 1998). 
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Recently, Ritieni et al. (1999) completed a study to ascertain the stability of 
fusaproliferin when subjected to various heating, physical, and chemical experiments. One 
interesting result was that known amounts of fusaproliferin extracted from maize had a lower 
mean recovery (38.0%) than from wheat (40.2%), which the researchers attributed to an 
interaction with gluten. This result leads to the possibility that fusaproliferin contamination 
in maize and other food products may be greater than previously detected. However, health 
implications for both humans and livestock cannot be fully ascertained until a complete 
mammalian toxicity profile is established. 
Beauvericin 
Beauveria bassiana (Balsamo) Vuill. is an entomopathogenic fungus of the class 
Deuteromycetes, whose toxic nature was first reported by Dresner (1950). His work with 
adult house flies, potato tuber worm larvae, and adult dock beetles determined that an 
unknown toxin, which acted as a contact poison, was produced by germinating spores. The 
onset of paralysis occurred faster than it would have taken the hyphae to penetrate the cuticle. 
In 1969, Hamill et al. isolated a toxic fraction, termed beauvericin, from B. bassiana 
mycelium and through chemical and structural analysis determined it to be a depsipeptide 
that was an ionophore, toxic to brine shrimp, and had antibiotic/antimicrobial properties 
against gram positive bacteria. Ovchinnikov et al. ( 1971) further studied the structure of 
beauvericin and concluded that its structure was similar to enniatin A, an analog of 
beauvericin with antibiotic properties (Shemyakin et al., 1963; Gorneva et al., 1965). Its 
antibiotic nature involves the transport of metal cations across cell membranes causing 
interference with cellular respiration (Dorschner and Lardy, 1968). In addition to structural 
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differences between beauvericin and enniatin A, beauvericin most effectively transports 
calcium, which enniatins cannot (Prince et al., 1974). Histological studies (Ojcius et al., 
1991) showed that beauvericin could fragment DNA through the indirect release of calcium 
and trigger morphological changes resembling apoptotic cell death. 
West and Briggs (1968) as well as Kucera and Samsiiiakova (1968) confirmed the 
toxicity of a B. bassiana fraction to insects and reported that only certain strains of B. 
bassiana yielded these fractions, respectively. Champlin and Grula (1979) studied the 
entomopathogenicity of B. bassiana and found beauvericin was not responsible for the 
mortality exhibited in corn earworm, Helicoverpa zea (Boddie), larvae. Researchers based 
this conclusion on their failure to find beauvericin secreted in the media, in the hemolymph 
of dead corn earworm larvae, and the lack of mortality after the direct injection of synthetic 
beauvericin into the hemolymph. The following year, however, Grove and Pople (1980) 
published results showing that adult blow flies, Calliphora erythrocephala, and mosquito 
larvae, Aedes aegypti, were susceptible to injection of synthetic beauvericin. The ability of 
synthetic beauvericin to cause mortality in these insects but not corn earworm larvae, leads to 
the possibility that beauvericin exhibits selective toxicity or that the corn earworm larvae 
have adapted to this toxin. 
In addition to B. bassiana, beauvericin has been isolated from Paecilomyces fumoso-
roseum (Wize) Brown & Smith, another entomopathogenic fungus, and Polyporus 
sulphureus, a plant pathogen (Bernardini et al., 1975; Deal et al., 1978). In 1991, 
beauvericin was isolated from F. semitectum and F. moniliforme var. subglutinans, which 
had originally been isolated from insect cadavers (Gupta et al., 1991 ). Beauvericin isolated 
from these two species proved toxic to the Colorado potato beetle, Leptinotarsa 
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decemlineata, again confirming its insecticidal properties. Previously, enniatins, which are 
phytotoxic and have insecticidal activity, were isolated from a Fusarium spp., but their co-
occurrence with beauvericin has never been established (Gaumann et al., 1960; Grove and 
Pople, 1980; Herrmann et al., 1996). 
Beauvericin has also been isolated from F. subglutinans, F. proliferatum, and F. 
moniliforme in a variety of geographic locations and can co-occur with fumonisin B1, 
moniliformin, and fusaproliferin (Logrieco et al., 1993a; Logrieco et al., 1993b; Moretti et 
al., 1994; Bottalico et al., 1995; Logrieco et al., 1995; Moretti et al., 1995; Munkvold et al., 
1998). However, not all strains of F. proliferatum and F. subglutinans produce this 
mycotoxin (Plattner and Nelson, 1994; Moretti et al., 1995). Beauvericin has been detected 
in naturally contaminated samples containing F. proliferatum in Italy and Iowa and F. 
subglutinans in Poland (Logrieco et al., 1993b; Logrieco et al., 1995; Munkvold et al., 1998). 
Insect Interactions with Mycotoxins 
Fungi and insects interact in several ways including a herbivore-host relationship, 
with the fungi containing important nutrients for certain insects. To protect themselves from 
insect herbivores, many fungi have developed defense mechanisms, which include the 
synthesis of toxic secondary metabolites (Janzen, 1977). Consumption of these toxins by 
potential predators can cause feed refusal and even toxicity. Since a large amount of energy 
is expended during toxin synthesis, fungi have evolved in such a way that their production 
can be correlated to the risk of being fed upon (Wicklow, 1984). Also, toxins produced by 
fungi affect a wide range of insects by disturbing common target sites, such as the nervous 
system (Dowd, 1992). 
11 
In addition to being herbivores, many insects are also vectors of mycotoxin-producing 
fungi (Dowd, 1998). Dowd (1998) proposed that the capacity of insects to adapt to 
mycotoxin-producing fungi would determine their ability to be successful vectors of these 
fungi. Janzen (1977) concluded that certain insects were genetically programmed to avoid 
contaminated feed, but other insects that came in frequent contact with these same 
microorganisms developed resistance. For example, many insects that feed on or are vectors 
of aflatoxin B1-producing fungi, such as the dried fruit beetle (Carpophilus hemipterus) 
remain unaffected, but because lepidopteran insects and vertebrates are not expected to 
frequently encounter this microorganism, they would be expected to remain susceptible 
(Dowd, 1992; 1998). 
Specifically, Dowd (1992) proposed that lepidopteran insects remain susceptible 
because they have not developed specific detoxification pathways due to the lack of selection 
pressure. The corn earworm was used as a specific example, since it had been shown to be 
vulnerable when subjected to various mycotoxins (McMillian et al., 1980; Dowd, 1988; 
Dowd et al., 1988; Dowd and Middlesworth, 1989; Dowd et al., 1989). The fall armyworm, 
Spodopterafrugiperda (J.E. Smith), also was susceptible to the same mycotoxins. 
The European corn borer, Ostrinia nubilalis, a known vector of Fusarium, however, 
has received relatively little consideration concerning its susceptibility to mycotoxins. It has 
been reported that European corn borer larvae were equally susceptible to aflatoxin B1 as 
were the corn earworm and fall armyworm (McMillian et al., 1980). In addition, the 
European corn borer is also as susceptible to infection by B. bassiana, known to produce 
beauvericin, but it has not been determined whether the toxin is involved in pathogenicity of 
B. bassiana to the European corn borer larvae (Wagner, 1997). 
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The European corn borer is an important maize pest that carries Fusarium spores both 
internally and externally (Christensen and Schneider, 1950; Sobek and Munkvold, 1999). 
The two-year study, completed by Christensen and Scheider (1950), showed the frass of the 
European corn borer larvae was an excellent medium for fungal growth, and injury of the 
stalk, shank, and ear by the European corn borer provided not only a point of entry but made 
the plant more susceptible to fungal attack. Chiang and Wilcoxson (1963) as well as Jarvis et 
al. (1984) provided a clearer correlation between larval presence and the prevalence of stalk 
rot, showing an increase in necrotic stalk tissue in those plants injured by this insect. 
Furthermore, the prevalence of stalk rot, and indirect yield losses, depended upon the plant's 
ability to resist European corn borer attack (Jarvis et al., 1984). 
Justification 
Optimization of Fusaproliferin Production 
The recent identification of fusaproliferin from F. subglutinans isolated from various 
geographical areas (Logrieco et al., 1996) and its subsequent natural occurrence from maize 
in Italy and feed in Iowa (Ritieni et al., 1997; Munkvold et al., 1998) has led to concerns 
about the potential effects of this mycotoxin. Since F. subglutinans is a worldwide pathogen 
of maize (Marasas et al., 1979; Leslie et al., 1990) these concerns are justified. 
Fusaproliferin may be a human and livestock health threat, but until mammal toxicity studies 
are completed, the full extent of the toxicity of fusaproliferin cannot be ascertained. 
Toxicological studies that involve feeding fusaproliferin singularly and in 
combination with other mycotoxins to mammals are important because they will provide 
researchers with a better understanding of the effect of fusaproliferin on both a macro and 
13 
microscopic level. In order to study the effects of fusaproliferin on mammals, it is necessary 
to produce significant amounts of purified toxin. The objective of this study was to identify 
the optimal combination of fungal strain and incubation temperature that produced the 
highest concentrations of fusaproliferin as well as deacetyl fusaproliferin, another secondary 
metabolite produced by F. subglutinans. 
lnsect-Mycotoxin Feeding Study 
Insects and fungi interact in various ways, whether it be through vector relationships, 
parasitism, or herbivory. Speculation surrounds the development of mycotoxins, with one 
hypothesis claiming their production provides a way for fungi to protect themselves, thereby 
enhancing their survival or ecological fitness. Insects that commonly encounter these 
mycotoxins, such as fungal-feeding beetles, may develop adaptations, since their adaptability 
plays a role, if not a significant one, in their environmental success. 
Fusarium spp. infect a variety of important crops and produce numerous mycotoxins. 
More specifically, mycotoxins produced by maize-infecting Fusarium spp. have received 
increased attention because they can contaminate a variety of food and feed products. Many 
lepidopteran insects are pests of maize and commonly encounter Fusarium mycotoxins 
through oral ingestion. The fall armyworm and corn earworm are two lepidopteran pests of 
maize that have been consistently shown to be susceptible to a variety of mycotoxins 
(McMillian et al., 1980; Dowd, 1988; Dowd et al., 1988; Dowd and Middlesworth, 1989; 
Dowd et al., 1989). These studies supported Dowd (1992), who proposed that in contrast to 
their fungal-feeding beetle counterparts, lepidopteran insects remain susceptible due to their 
lack of sufficient detoxification pathways resulting from their infrequent exposure to 
mycotoxin-producing fungi. 
14 
Although the entomophathogenic fungus, B. bassiana, which infects lepidopteran 
insects, produces beauvericin, its role in pathogenicity is uncertain. Beauvericin is a known 
insect toxin, but it did not adversely affect corn earworm larvae by direct injection. The 
effect of beauvericin on lepidopteran insects by oral ingestion, however, has not been 
published. Similarly, fusaproliferin is toxic to the SF-9 lepidopteran cell line (Logrieco et al., 
1995), but its toxicity to whole animal models has not been established. Toxicity data for 
insects is needed to help develop a toxicological profile of fusaproliferin. The objective of 
this study was to determine the oral toxicity of fusaproliferin and beauvericin toward the 
European corn borer and fall armyworm. 
15 
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Table 1.1. Current taxonomic status of Fusarium species formerly classified as Fusarium 
subglutinans (Booth, 1971; Nelson and O'Donnell, 1998). 
Former Classification Species Host/Substrate Disease Name 
F. subglutinans f. sp. pini F. circinatum Pinus spp. Pitch canker 
F. moniliforme var. subglutinans F. pseudocircinatum Pinus kesiya Fusarium wilt 
F. moniliforme var. subglutinans F. subglutinans Zea mays Stalk/ear rot 
F. moniliforme var. subglutinans F. sacchari Saccharum officinarum Pokkah boeng 
F. moniliforme var. subglutinans F. guttif orme Ananas comosus Pineapple fusariosis 
F. subglutinans F. guttif orme Ananas comosus Pineapple fusariosis 
F. subglutinans Fusarium sp. Mangifera indica Mango malfor. 
F. subglutinans F. concentricum Musa sapientum Panama disease 
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Abstract 
Fusarium spp. infect a variety of commercially important crops and produce 
numerous toxic secondary metabolites (mycotoxins), some of which are not well 
characterized. Mycotoxins produced by maize-infecting fungi have garnered increased 
attention because they can contaminate a variety of food and feed products. Lepidopteran 
insect pests are commonly exposed to Fusarium mycotoxins, but the oral toxicity of 
mycotoxins to these pests remains largely unknown. Although some insecticidal properties 
of fusaproliferin and beauvericin, two Fusarium mycotoxins, have been determined, their 
abilities to affect pest of maize by oral ingestion are unknown. The oral toxicity of 
fusaproliferin and beauvericin toward the European corn borer, Ostrinia nubilalis, and fall 
armyworm, Spodoptera frugiperda (J.E. Smith), was tested incorporating the compounds into 
artificial diets. The developmental effects of these two insect species were recorded from the 
larval to adult stages. The use of methanol as the solvent did not affect 0. nubilalis but 
affected developmental rates of S. frugiperda larvae and pupae. Neither toxin affected the 
development of 0. nubilalis. Low doses ofbeauvericin and fusaproliferin caused some 
developmental delays for S. frugiperda, but no effects occurred with higher doses. Larval 
and pupal mortality was not significantly affected by treatment for either species. 
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Beauvericin and fusaproliferin were not toxic to these two insects by oral ingestion at 
concentrations typically encountered in naturally contaminated maize. The lack of oral 
toxicity ofbeauvericin to the two insect species, combined with previous data, suggests that 
beauvericin is not a potent insect toxin. This is the first report regarding tests of the potential 
activity of fusaproliferin as an insect toxin. 
Introduction 
Fungi in the genus Fusarium Link produce numerous toxic metabolites with known 
toxicities. However, results of toxicological studies with Fusarium-contaminated feeds or 
extracts cannot always be attributed to known toxins. Additionally, many clinical cases of 
suspected mycotoxicoses cannot be explained by the occurrence of previously described 
mycotoxins. In two independent studies conducted in the mid 1990s, the concentrations of 
mycotoxins produced by different strains of F. proliferatum (Matsushima) Nirenberg did not 
correlate with the level of toxicity exhibited (Nagaraj et al., 1994; Logrieco et al. 1995). 
Subsequent research led to the isolation and characterization of fusaproliferin (Fig. 2.1) from 
F. proliferatum ITEM 1494. Fusaproliferin also was isolated from F. subglutinans 
(Wollenweber & Reinking) Nelson, Toussoun, and Marasas and F. globosum Rheeder, 
Marasas and Nelson, which are both closely related to F. proliferatum (Logrieco et al., 1996; 
Shephard et al., 1999). 
Fusaproliferin is a sesterterpene and has a chemical structure similar to retigeranic 
acid (Santini et al., 1996). It is cytotoxic to the SF-9 lepidopteran cell line and IARC/LCL 
171 human B-lymphocytes, and is teratogenic to chicken embryos (Logrieco et al. 1996; 
Ritieni et al. 1997a). Humans and livestock may be adversely affected by fusaproliferin 
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based on its limited toxicity profile, natural occurrence, and ability to co-occur with other 
mycotoxins (Logrieco et al. 1996; Ritieni et al. 1997a; Ritieni et al. 1997b; Munkvold et al. 
1998). There remains, however, a lack of whole organism-toxicity data, which is needed to 
assess potential livestock and human health impacts of fusaproliferin. In addition, the co-
occurrence of fusaproliferin and beauvericin (Fig. 2.2) has garnered attention since both 
toxins are produced by F. subglutinans and F. proliferatum, two important fungi that infect 
maize, Zea mays L, and naturally co-occur in Iowa, Italy, and South Africa (Ritieni et al. 
1997b; Munkvold et al. 1998; Shephard et al. 1999). 
Beauvericin is an insect toxin produced by the entomopathogenic fungus Beauveria 
bassiana (Balsamo) Yuill., as well as other fungi including Paecilomyces fumoso-roseum 
(Wize) Brown & Smith, Polyporus sulphureus, and several Fusarium spp. (Bernardini et al. 
1975; Deol et al. 1978; Gupta et al. 1991; Moretti et al. 1994; Bottalico et al. 1995). 
Beauvericin is toxic to brine shrimp (Hamill et al. 1969), as well as human (Di Paola et al. 
1994) and murine cells (Ojcius et al. 1991). Beauvericin co-occurs with bassianolide as well 
as with moniliformin, fumonisin B1, and fusaproliferin, which are secondary metabolites 
produced by Fusarium spp. (Logrieco et al. 1993a, 1993b; Bottalico et al. 1995; Munkvold et 
al. 1998; Kanaoka et al. 1978). 
Although B. bassiana infects corn earworms, Helicoverpa zea (Boddie), injection of 
analytical grade beauvericin did not adversely affect H. zea larvae (Champlin and Grula 
1979). This study suggested that beauvericin was not toxic to lepidopteran insects or was not 
toxic by direct injection. The effect of beauvericin on lepidopteran insects by oral ingestion, 
however, has not been reported. Subsequent studies involving mosquito larvae, Aedes 
aegypti, and blow fly adults, Calliphora erythrocephala, as well as the Colorado potato 
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beetle, Leptinotarsa decemlineata, ( Grove and Pop le 1980; Gupta et al. 1991) indicated that 
beauvericin was an insect toxin. 
Insects and fungi interact in various ways in agricultural ecosystems. Certain insects 
prey on specific fungal species, and many fungi depend on insect vectors for dispersal. 
Defense mechanisms, including the synthesis of toxic secondary metabolites, have evolved 
as a way to protect fungi from predators (Janzen 1977). The production of these toxins is 
energy demanding, therefore energy must be diverted from other metabolic processes. Their 
production is important, however, because mycotoxins are believed to enhance the survival 
or ecological fitness of fungi (Wicklow 1984). Insects frequently exposed to these fungi, 
through either herbivory or a vector relationship, may develop a tolerance to certain 
commonly encountered mycotoxins (Dowd 1998). The ability of insects to adapt to these 
toxins may play a role in their environmental success. 
Dowd (1992) proposed that lepidopteran insects are more susceptible to mycotoxin-
producing fungi because the selection pressure present for fungal-feeding beetles is not 
present for these species. H. zea and the fall armyworm, Spodoptera frugiperda (J.E. Smith), 
are two lepidopteran pests of maize that have been consistently shown to be susceptible to a 
variety of mycotoxins (McMillian et al. 1980; Dowd 1988; Dowd et al. 1988; Dowd and 
Middlesworth 1989; Dowd et al. 1989). According to Dowd (1992) the susceptibility of 
these lepidopteran pests of maize is due to the lack of sufficient detoxification pathways 
resulting from their infrequent exposure to mycotoxin-producing fungi. Although H. zea is 
exposed to mycotoxins through consumption of maize kernels, it is susceptible to a variety of 
mycotoxins occurring in maize. The damage caused by these insects has been correlated to 
higher levels of Aspergillus flavus infection and aflatoxins in maize (Dowd 1998). 
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Therefore, H. zea facilitates the spread of mycotoxin-producing fungi without consuming the 
fungi or transmitting them to maize kernels. 
In contrast, the European corn borer, Ostrinia nubilalis, another maize pest, transports 
toxigenic fungal spores internally and externally (Christensen and Schneider 1950; Sobek 
and Munkvold, 1999) to maize kernels. These larvae do not actively feed on fungi, but they 
feed on fungal-contaminated maize kernels. It remains unknown, however, whether these 
insects have developed a tolerance to mycotoxins. Wagner (1997) found that 0. nubilalis 
larvae were susceptible to infection by B. bassiana, which produces beauvericin (Grove & 
Pople 1980; Gupta et al. 1991). It could not be determined, however, whether the 
susceptibility of 0. nubilalis was due to beauvericin or some other mechanism of 
pathogenicity. 
Lepidopteran pests of maize that frequently encounter Fusarium spp. are usually 
exposed to these mycotoxins through oral ingestion. Although these insects would be likely 
to ingest fusaproliferin and beauvericin, no reports concerning their oral toxicity have been 
published. Therefore, the objective of the current study was to determine the oral toxicity of 
fusaproliferin and beauvericin toward two lepidopteran pests of maize. 
Materials and Methods 
Reagents and Compounds. Analytical grade fusaproliferin was a gift of Alberto 
Ritieni, Istituto Tossine e Micotossine da Parasiti Vegetali of Bari, Italy. Analytical grade 
beauvericin (99% purity) was purchased from Sigma-Aldrich (St. Louis, MO). HPLC grade 
acetonitrile, methylene chloride, and methanol, as well as pesticide grade petroleum ether 
and A.C.S. sodium chloride, were purchased from Fisher Scientific (St. Louis, MO). 
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Fungal Culture and Fusaproliferin Extraction. Culture substrate was prepared by 
adding 200 g of yellow maize kernels and 175 ml of filtered, distilled water (88% dry basis 
moisture content) to polyethylene autoclavable bags, 12 x 10 cm. The bags were sealed by 
folding them 5 cm from the top and stapling. The bags were autoclaved for 1 h at 121 °C on 
two consecutive days, to moisten and sterilize the maize kernels. After the bags were 
autoclaved a second time, they were cooled for 24 h before inoculation. 
F. subglutinans strain ITEM 2404 ( originally isolated from maize-based livestock 
feed in Iowa), was grown on carnation leaf agar (Nelson et al. 1983) in 60 x 15mm Petri 
dishes for 7 to 9 d. The identity of the strain was confirmed by morphology as described by 
Nelson et al. ( 1983) and by its sexual fertility with tester strains of Giberella fujikuroi mating 
population E (Munkvold et al. 1998). An aqueous spore suspension was prepared from the 
Petri dishes by rinsing with 3 ml of filtered, distilled water. The aqueous suspension was 
filtered through sterile cheesecloth into an Erlenmeyer flask. A sample of the aqueous 
suspension was placed on a hemacytometer, and the conidia were counted to ensure that at 
least 105 conidia/ml were present. 
Ten milliliters of the aqueous suspension was injected into each bag of autoclaved 
maize kernels with a sterile syringe, the puncture was covered with tape (to decrease 
contamination), and the maize kernels were mixed to distribute the spores. The bags were 
placed in a dark incubator at 20°C, and after 24 h, eight O. 5-cm air holes were made near the 
top of each bag to allow aeration. Every 1 to 2 d the bags were manipulated by hand to break 
up substrate clumps, thereby increasing surface area and enhancing fungal growth. After 6 
wk the culture material was removed from the bags and air-dried for 24 hon a greenhouse 
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bench. Dried material was stored at - l 0°C until it was ground and brought to the Iowa State 
University Veterinary Diagnostic Laboratory for extraction and analysis. 
Fusaproliferin was extracted and analyzed as described by Stahr (1991) with minor 
modifications. Samples (10.0-g) were blended for 4 minutes in a Waring® blender with 200-
ml of warmed (60-65°C) acetonitrile:water (90: 10, v:v). The solid portion of each sample 
was collected under vacuum using a Buchner funnel lined with glass fiber filter circles ( dia. 
9.0 cm). The filtrate volume was measured in order to calculate the actual extracted sample 
size. The filtrate was treated with 100 ml of petroleum ether and removed. To the bottom 
filtrate layer, 200 ml of 2% A.C.S. sodium chloride and lOOml-methylene chloride were 
added. The methylene chloride layer was removed and evaporated using a Biichi® rotovapor 
at 40+/- 5°C. 
The evaporated extract was removed and transferred to 7-ml vials with 3 ml of clean 
methylene chloride. Each extract was concentrated to dryness under nitrogen, resolvated in 2 
ml of methanol, and sealed with a foil-lined cap. The vials were stored at -10°C until the 
extracts were purified by preparatory HPLC (P. !merman, unpublished method). 
Fusaproliferin was chromatographed on a Chromegabond MC18 (10 cm x 9.6 mm) 
column from Shimadzu using a SCL-A Shimadzu system controller with a gradient mobile 
phase of methanol:water (80:20, v:v) at a flow rate of3 ml/min. Monitoring of fusaproliferin 
was performed using UV detection (Shimadzu SPD-6A) set at 263 nanometers. The 
retention time for fusaproliferin was approximately 21 minutes. The final purity of 
fusaproliferin was checked against analytical grade fusaproliferin by comparing HPLC 
outputs. 
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Insect Feeding Experiments. Separate experiments were performed with 0. 
nubilalis and S.frugiperda larvae. Each study was designed as a 10x2xl2 with ten 
treatments in two blocks and with each treatment replicated twelve times in each block. Each 
tray was treated as a block for statistical analysis. The treatments consisted of four 
fusaproliferin (2 µg/g, 20 µg/g, 50 µg/g, and 100 µg/g), four beauvericin (2 µg/g, 10 µg/g, 20 
µg/g, and 50 µg/g) and two control ( diet-only and methanol) treatments. These 
concentrations represented naturally occurring levels of these compounds. Twelve vials from 
each treatment were placed in each of the two trays, in a completely randomized order 
determined by SAS (SAS Institute 1996). Therefore, each tray contained 120 vials (10 
treatments x 12 replications). 
For the 0. nubilalis study, approximately 6.04-ml of methanol was added to 30.2 mg 
of purified fusaproliferin. For the S. frugiperda study approximately 34.4 mg of purified 
fusaproliferin was dissolved in 6. 9-ml of methanol. An aliquot of appropriate volume was 
removed for each treatment in order to achieve concentrations of 100 µg/g, 50 µg/g, 20 µg/g, 
and 2 µg/g in 150 g of artificial diet. Aliquots were placed in 7-ml vials with foil-lined caps. 
To standardize solvent effects, additional methanol was added to each vial so the total 
volume was 3 ml for all treatments. 
For the 0. nubilalis study, approximately 15 mg (99% purity) analytical grade 
beauvericin was dissolved in 6 ml of methanol, so the most concentrated beauvericin 
treatment, 50 µg/g, contained the same volume of methanol that was present in the 100 µg/g 
fusaproliferin treatment. For the S. frugiperda study, approximately 12-mg analytical grade 
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beauvericin was dissolved in 4.98-ml of methanol. Each treatment, 50 µg/g, 20 µgig, 10 
µg/g, and 2 µg/g, contained 3 ml of methanol to standardize solvent effects. 
The diet-only control treatment was prepared in the same manner as the fusaproliferin 
and beauvericin treatments, except it was not mixed in the Waring® blender. The methanol 
control treatment was blended with the same volume of methanol (3 ml) as was present in the 
fusaproliferin and beauvericin treatments. 
Larval diet for 0. nubilalis was prepared using the method developed by Lewis and 
Lynch (1970). The pinto bean diet developed by Dowd (1987) was prepared for S. 
frugiperda larvae. For each treatment, 150 g (15 insect vials x 2 trays x 5 g diet for larva) of 
prepared diet was placed in a Waring® blender with the appropriate volume of 
fusaproliferin:methanol, beauvericin:methanol or methanol alone and mixed for 
approximately 1 minute. Separate blenders were used for fusaproliferin, beauvericin, and the 
control treatments to eliminate potential contamination. Immediately the warm diet was 
poured into circular containers ( dia. 10. 0 cm). The diet was left overnight on a laboratory 
bench so the diet could solidify and the methanol could evaporate. 
The next day, diet plugs, approximately 5-g, were removed from the containers (24 
plugs per container) and placed in individually labeled glass vials (6.5 cm tall). One neonatal 
larva was then placed in each vial, and the vial was instantly plugged with autoclaved, non-
absorbent cotton. 0. nubilalis larvae were obtained from the USDA-ARS Corn Insects 
Research lab (Ames, IA) and S. frugiperda larvae were donated by Dr. Pat Dowd (USDA; 
Peoria, IL). For each experiment, the vials from each treatment were arranged in the two 
trays and placed in the incubator side by side. 
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The incubator was maintained at 27+/- 1 °C, with a relative humidity of 65+/-5%. 0. 
nubilalis were reared under constant light and S. frugiperda were reared using a 14: 10 
(light:dark) cycle. An electronic data logger monitored the temperature in both experiments. 
Each day the larvae were checked for mortality and as the trays were placed back into the 
incubator, they were rotated front to back and top to bottom. Larvae were not removed from 
the vials during inspection, so any adverse effects would be attributed to mycotoxin ingestion 
not direct handling. Therefore, toothpicks were used to break up the diet plugs when a larva 
burrowed into them. Mortality during the larval stage was established by lack of movement 
upon gentle probing. 
As each insect pupated, it was removed from the vial, weighed, placed in a diet cup 
(dia. 3.0 cm), and returned to the incubator. Once pupae were placed in diet cups, the vials 
were returned to their respective tray to maintain correct randomization. Between the 
removal of pupae from each vial, the utensils were sterilized with 95% ethanol. Cross-
contamination of toxins was also avoided by grouping the pupae into their specific treatments 
before removal. 
Unless 0. nubilalis or S. frugiperda died in the larval stage, the gender of each insect 
was established. Those larvae that died in the larval stage, as well as the pupal stage, were 
used to analyze whether mortality significantly differed among treatments. The gender of 
each pupa was determined whether the insect emerged as an adult or died as a pupa. It 
normally takes a pupa of both insect species about seven days after pupation to emerge as an 
adult. If an adult did not emerge after 10 d, the pupa was inspected for characteristic distal 
movement. Hard, rigid pupae without distal movement were recorded as dead in the pupal 
stage. 
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Statistical analysis. A preliminary analysis of variance (GLM procedure, SAS 
software, 1996) was first completed to assess the effects of mycotoxin treatment and gender 
on days to pupation, pupal weight, and days to adult emergence. Since each tray was treated 
as a block, we first examined tray effects, with the two other variables, to determine the 
course of analysis. Depending on the outcome, we used analysis of variance accordingly. 
Fischer's least significant difference comparison results were used to clearly determine 
significant treatment and gender differences in both experiments. Contrast statements were 
used in both experiments to assess specific differences between the mycotoxin and control 
treatments for days to pupation, pupal weight, and days to adult emergence, when significant 
overall treatment differences were present. 
Mortality throughout the experiment, i.e. death in the larval or pupal stage, was 
analyzed by PROC PROBIT, to determine whether 0. nubilalis or S.frugiperda death in the 
larval and pupal stages significantly differed among treatment and gender. 
The 0. nubilalis study involved 217 observations to assess gender and treatment 
differences for days to pupation and pupal weight. One hundred seventy-five observations 
were used to assess gender and treatment differences for days to adult emergence. In the S. 
frugiperda study, 222 and 178 observations were used to assess days to pupation/pupal 
weight and adult emergence, respectively. In both experiments, fewer than 240 observations 
were employed because larvae that died in the larval stage could not be used to analyze days 
to pupation, pupal weight, and days to adult emergence. 
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Results 
0. nubilalis toxicity experiment. Since combined two and three factor interactions 
were not significant for the three response variables in question, we assessed treatment and 
gender differences using the regular analysis of variance instead of mixed model analysis 
(Table 2.1 ). 
Days to Pupation. Because there was not a significant two-factor interaction 
(gender*treatment ), main effects of gender and treatment on the developmental rates of 0. 
nubilalis larvae were assessed. ANOVA results are presented in Table 2.1. 
0. nubilalis mortality in the larval stage was low and not dose related. Of the 20 
larvae that died, four consumed the 50-µg/g beauvericin treatment. The first larvae pupated 
on day 15 (Table 2.2) and were in various treatments. The mean time to pupation for all 
larvae ranged from 16.4 d to 17.1 d among treatments. Female 0. nubilalis larvae pupated 
approximately 1 d later than their male counterparts, on average day 17 as compared to day 
16 respectively. This was enough for the developmental rates of 0. nubilalis larvae to be 
significantly affected by gender (Table 2.1 ). 
Pupal Weight. Because there was not a significant two-factor interaction 
(gender*treatment ), main effects of gender and treatment on pupal weight were assessed. 
ANOV A results are presented in Table 2.1. 
No significant differences among fusaproliferin treatments were present (Table 2.2), 
but the pupal weights of insects consuming the 2 µg/g beauvericin treatment were 
significantly different from the pupal weights of the other treatments. Larvae consuming the 
2-µg/g beauvericin diets weighed an average of 0.15 g, which was approximately 0.06 g 
heavier than the other treatments (Table 2.2). Pupal weight differed significantly (Table 2.1) 
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between males and females. Female pupae were significantly heavier then their male 
counterparts, weighing an average of approximately 0.02-g more. 
Adult Emergence. Because there was not a significant two-factor interaction 
(gender*treatment ), main effects of gender and treatment on the developmental rates of 0. 
nubilalis pupae were assessed. ANOVA results are presented in Table 2.1. Gender and 
treatment (Table 2.1) did not significantly affect the developmental rates of 0. nubilalis 
pupae. Adult emergence was not related to dose and began on day 21(Table 2.2). Mean time 
to emergence was 23 d for all treatments. 
Mortality. A two-factor interaction (treatment*gender) was not significant ct= 
2.391251; df= 9; P = 0.9351), therefore we examined treatment and gender effects 
separately. 0. nubilalis death in the larval or pupal stage was not significantly affected by 
treatment ct =8.926656; df= 9; P = 0.4441) or gender (i = 0.00223; df= 1; P = 0.9623) 
(Table 2.3). 
S. frugiperda toxicity experiment. Since combined two and three factor interactions 
were not significant, for the three response variables in question, we assessed treatment and 
gender differences using the regular analysis of variance instead of mixed model analysis 
(Table 2.4). 
Days to Pupation. Because there was not a significant two-factor interaction 
(gender*treatment ), main effects of gender and treatment on the developmental rates of S. 
frugiperda larvae were assessed. ANOV A results are presented in Table 2.4. 
In contrast to 0. nubilalis pupation results, S. frugiperda pupation was not 
significantly different among males and females, pupating on average at day 15, but pupation 
differed significantly among treatments (Table 2.4). S. frugiperda mortality while in the 
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larval stage was low and not dose related. Of the 18 larvae that died, six were from the 2-
µg/g -beauvericin treatment. The first larvae pupated on day 14 (Table 2.5), with the mean 
time to pupation ranging from 13. 5 d to 15. 8 d. 
S. frugiperda larvae that consumed the diet-only control treatment pupated 
approximately 1 d earlier than those consuming the methanol control treatment, a significant 
difference (F = 6.49; df= 9; P =0.0005). Larvae consuming the fusaproliferin (F = 6.26; df 
= 4; P =0.0001) and beauvericin (F = 13.02; df= 4; P =0.0001) treatments pupated 1 d later, 
and were significantly different from those larvae consuming the diet-only control treatment. 
Except for the 2-µg/g beauvericin treatment, the developmental rates of the larvae consuming 
the other mycotoxins treatments were not significantly different from the larvae consuming 
the methanol control treatment (Table 2.5). Therefore, no dose response was present. The 
rates of development for those larvae consuming the 2-µg/g beauvericin treatment were 
significantly different from all other beauvericin and fusaproliferin treatments. Larvae in this 
treatment took the longest to pupate, on average 15. 8 d. The other beauvericin treatments, 10 
µg/g, 20 µgig, and 50 µg/g did not differ significantly from one another, based on Fischer's 
least significant difference results. 
Pupal Weight. Because there was not a significant two-factor interaction 
(gender*treatment ), main effects of gender and treatment on S. frugiperda pupal weight were 
assessed. Male and female pupal weights were not significantly different, but they 
significantly differed among treatments. ANOVA results are presented in Table 2.4. 
Pupal weights of S. frugiperda larvae consuming methanol and diet-only control 
treatments were not significantly different (P = 0.9609). Further analysis, using Fischer's 
least significant difference, showed those treatments containing 50 µg/g fusaproliferin, 2 
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µg/g beauvericin, and 10 µg/g beauvericin were significantly different from both control 
treatments (Table 2.5). Therefore, no dose-response occurred. Pupal weights for the 
beauvericin treatments were not significantly different from one another, except for those 
insects consuming 2-µg/g beauvericin (Table 2.5). Larvae consuming the lowest beauvericin 
concentration, 2 µg/g, were the lightest and were significantly different from all other 
treatments, except the 50-g/g fusaproliferin treatment. 
Adult Emergence. Because there was not a significant two-factor interaction 
(gender*treatment ), main effects of gender and treatment on the developmental rates of S. 
jrugiperda pupae were assessed. Treatment and gender were found to significantly influence 
the developmental rates of S. frugiperda pupae. ANOV A results are presented in Table 2.4. 
As with S. frugiperda larvae, pupal developmental rates were significantly affected 
by the consumption of methanol. S. frugiperda larvae exposed to the methanol control 
treatment took significantly longer to emerge than those exposed to the diet-only control 
treatment (P = 0.0084). S. frugiperda larvae that consumed the diet-only control treatment 
emerged as adults at least 1 d sooner than the other treatments. Insects consuming the 
methanol control treatment emerged on average at day 22, which was significantly different 
from only the 2-µg/g beauvericin treatment (Table 2.5). 
Fischer's least significant difference results found that the 2 µg/g beauvericin 
treatment was significantly different from all other treatments (Table 2.5), emerging at least 2 
d later than the other fusaproliferin and beauvericin treatments, and on average at least 3 d 
later than the diet-only control treatment. A dose-response could not be established for either 
of the mycotoxins tested (Table 2. 5). 
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Mortality. A two-factor interaction (treatment*gender) was not significant ct = 
3.341182; df= 9; P = 0.9492), therefore we examined treatment and gender effects 
separately. S. frugiperda death in the larval or pupal stages was not significantly affected by 
treatment ct= 13.93639; df= 9; P = 0.1246) or gender ct= 0.537415; df= 1; P = 0.4635) 
(Table 2.6). 
Discussion 
0. nubilalis and S. frugiperda neonates were not affected by direct contact to either 
beauvericin or fusaproliferin. In addition, the mycotoxin-treatments did not act as repellents, 
based on the daily observation of frass and uneaten diet. The movement of 0. nubilalis and 
S. frugiperda became sluggish as the larvae developed. This did not, however, affect diet 
consumption and subsequent development for all mycotoxin and control treatments tested. 
Methanol can be a risky solvent to use for insect studies because it can act as a 
fumigant. It did not, however, affect the overall development of 0. nubilalis. In contrast, the 
addition of methanol did adversely affect the developmental rates of S. frugiperda larvae and 
pupae. Conclusions were drawn from this experiment by comparing mycotoxin treatment 
effects against the methanol control treatment. 
Oral ingestion of fusaproliferin did not adversely affect the overall development of 0. 
nubilalis. Fusaproliferin may still be toxic to 0. nubilalis, possibly through direct injection 
or topical application. In maize fields, 0. nubilalis would most likely ingest Fusarium-
contaminated maize, so oral exposure to fusaproliferin is most likely. The lack of 
susceptibility observed for 0. nubilalis is interesting since this lepidopteran is known to 
disperse many mycotoxin-producing Fusarium spp. internally and externally. 
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Pupal weights of S. frugiperda larvae consuming the 50-µg/g fusaproliferin treatment 
were significantly different from the control treatments. This, however, was not a dose-
related response as the pupal weights of the 100-µg/g fusaproliferin treatment were not 
significantly different from those of the control treatments. The abnormally low pupal 
weight in the 50-µg/g treatment did not affect the developmental rates of these pupae, so it 
can be concluded that fusaproliferin, by oral ingestion, also did not adversely affect the 
development of S. frugiperda. Fusaproliferin has previously been shown to adversely affect 
S.frugiperda SF-9 cells (CCso = 100 µM; 24h), but its effects on whole insect models had 
not been studied. Although this mycotoxin may also still be toxic to S. frugiperda through 
direct injection or topical application, it is unlikely that S. frugiperda would encounter 
fusaproliferin this way in an agroecosystem. 
The lack of developmental effects exhibited by S. frugiperda and 0. nubilalis also 
may have been due to the low concentrations used. The concentration range was selected 
based on (1) the concentration of fusaproliferin typically detected in maize and (2) the 
amount of purified fusaproliferin available (Ritieni et al. 1997; Munkvold et al. 1998). We 
felt that any adverse affects that could occur in the field would be observed within the current 
treatment range. Fusaproliferin may still, in fact, be toxic to S. frugiperda and 0. nubilalis at 
higher concentrations but these concentrations have not been typically detected in maize 
(Ritieni et al. 1997; Munkvold et al. 1998). 
The average weight of 0. nubilalis larvae that consumed the 2-µg/g beauvericin 
treatment were significantly heavier than the larvae consuming the other three beauvericin 
treatments. Hormesis, a phenomenon where a subtoxic concentration of a stress agent may 
be stimulatory when presented to an organism in a suboptimal environment, may have 
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occurred in these larvae (Luckey 1968). This low treatment ofbeauvericin may have 
stimulated metabolic or enzymatic pathways in these larvae, thereby causing increases in the 
weight of the pupae. The developmental rates of these pupae, however, were not 
significantly affected. Therefore, we can conclude that oral ingestion ofbeauvericin also did 
not affect the overall development of 0. nubilalis. 
Although the lower concentrations of beauvericin did affect the overall development 
of S. frugiperda, the same adverse affects were not observed at higher concentrations. The 
adverse effects observed at 2 µg/g may have been due to experimental error, considering the 
absence of effects at higher concentrations. Another possibility is that the amount of 
beauvericin used to make up the 2-µg/g beauvericin treatment was not dispersed evenly 
throughout the diet, so that certain plugs, and therefore S. frugiperda larvae, received an 
abnormally high concentration of diet. The lack of toxicity present in this study is consistent 
with three previous studies that found beauvericin was not highly toxic to H zea larvae, A. 
aegypti larvae, adult C. erythrocephala, and L. decemlineata (Champlin and Grula, 1979; 
Grove and Pople, 1979; Gupta et al. 1991). The current findings, combined with the other 
studies suggest that beauvericin is not a potent insect toxin, and may not play a significant 
role in the pathogenicity of B. bassiana to insects. 
As with fusaproliferin, beauvericin may be toxic to these two lepidopteran species but 
at concentrations that are higher than the range used in the current study. We based the 
current range on the LC50 of beauvericin to brine shrimp assay (Moretti et al. 1995) and the 
concentrations of beauvericin typically detected in maize (Logrieco et al. 1995; Ritieni et al. 
1997; Munkvold et al. 1998). Gupta et al. (1991), however, assessed the oral consumption of 
beauvericin, isolated from F. semitectum and F. moniliforme var. subglutinans, by L. 
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decemlineata and calculated an LC50 of 633 µg/g. This concentration ofbeauvericin has not 
been detected in maize where concentrations ranging from 0.1-36 µg/g are more typically 
found (Logrieco et al. 1995; Ritieni et al. 1997; Munkvold et al. 1998). 
In conclusion, oral ingestion of fusaproliferin and beauvericin did not affect the 
overall development or mortality of 0. nubilalis and S. frugiperda. Mortality as well as 
developmental effects were not dose-related for either of the insect species. Although 
beauvericin affected the development of S. frugiperda at low concentrations, they were not 
dose-related. As with fusaproliferin, the development of 0. nubilalis was not affected by 
beauvericin. This result suggests the role of beauvericin in pathogenicity of B. bassiana 
toward lepidopteran insects is limited. The possible adaptation of 0. nubilalis and S. 
frugiperda to fusaproliferin and beauvericin cannot be established, however, until the toxicity 
of these compounds is demonstrated toward lepidopteran insects that are not pests of maize. 
This is the first report regarding the potential activity of fusaproliferin as an insect toxin. 
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Table 2.1. ANOVA results for European corn borers fed artificial diets containing fusaproliferin or 
beauvericin. 
Variable Source df F p 
Days to Pupation treatment* gender*traya 19 0.70 0.8125 
treatment* gender 9 1.34 0.2188 
tray 1 0.19 0.6669 
treatment 9 0.92 0.5073 
gender 1 17.59 0.0001 
Pupal Weight treatment* gender*traya 19 1.07 0.3869 
treatment* gender 9 0.23 0.9900 
tray 1 1.22 0.2802 
~ 
\0 
treatment 9 1.82 0.0669 
gender 1 4.98 0.0267 
Days to Adult Emergence treatment* gender*traya 19 0.66 0.8489 
treatment* gender 9 1.57 0.1938 
tray 1 10.17 0.0036 
treatment 9 0.59 0.7975 
gender 1 0.84 0.3678 
aCombined two and three-factor interactions involving tray. 
Table 2.2. Mean time from hatching to pupation or adult emergence ( days) and the average pupal 
weight (g) for European corn borer larvae feeding on artificial diets containing fusaproliferin or 
beauvericin. 
Treatment Concentration D p . ao ays to upatlon Pupal Weight Days to Adult Emergence 
Fusaproliferin 2 µgig 16.4 ± 0.15a 0.091 ± 0.003b 23.8 ± 0.20a 
20 µgig 16.8 ± 0.22a 0.082 ± 0.004b 23.9 ± 0.22a 
50 µg/g 16.7±0.17a 0.082 ± 0.004b 23.8 ± 0.21a 
100 µg/g 17.0 ± 0.20a 0.089 ± 0.004b 23.9 ± 0.23a 
Beauvericin 2 µgig 16.6 ± 0.19a 0.152 ± 0.042a 23.8 ± 0.20a 
10 µgig 16.9 ± 0.3 la 0.084 ± 0.004b 24.1 ± 0.22a 
20 µg/g 16.9 ± 0.26a 0.093 ± 0.003b 24.1 ± 0.20a 
50 µgig 17.0 ± 0.25a 0.085 ± 0.005b 24.3 ± 0.36a 
Diet only 16.4 ± 0.39a 0.084 ± 0.004b 23.8 ± 0.49a 
Methanol 16.6 ± 0.18a 0.091 ± 0.003b 23.5 ± 0.27a 
aFor each response variable, the letter indicates a grouping of treatments according to Fischer's least significant 
difference (t-tests) results, conducted in the ANOVA analysis. Within letter group, treatments do not differ 
significantly (P > 0. 05). 
hMean ± SEM days to pupation, pupal weight, or days to adult emergence 
VI 
0 
Table 2.3. Frequency of mortality of European corn borers (number of insects = 24 
total) fed artificial diets containing fusaprolif erin or beauvericin. 
Treatment Concentration Male Female Totala 
Fusaproliferin 2 µgig 0 5 5 
20 µg/g 4 0 4 
50 µgig 2 2 4 
100 µg/g 1 1 2 
Beauvericin 2 µg/g 1 2 3 
10 µg/g 4 3 7 
20 µg/g 0 1 1 
50 µg/g 4 1 5 Vl ....... 
Diet only 3 4 7 
Methanol 2 3 5 
Total 21 22 43 
aNo significant effects (P > 0.05) of treatment or gender were detected. 
~umbers represent mortality throughout the course of the experiment. 
Table 2.4. ANOV A results for fall armyworms fed artificial diets containing fusaproliferin or 
beauvericin. 
Variable Source df F p 
Days to Pupation treatment* gender*tral 19 1.31 0.1820 
treatment* gender 9 0.66 0.7463 
tray 1 0.94 0.3337 
treatment 9 6.49 0.0001 
gender 1 0.31 0.5800 
Pupal Weight treatment* gender*tral 19 0.72 0.7969 
treatment* gender 9 0.44 0.9103 
tray 1 0.44 0.5154 
Vl 
N 
treatment 9 4.64 0.0001 
gender 1 0.00 0.9753 
Days to Adult Emergence treatment* gender*tral 19 1.33 0.1774 
treatment* gender 9 0.44 0.9103 
tray 1 0.17 0.6854 
treatment 9 4.68 0.0001 
gender 1 7.48 0.0069 
aCombined two and three-factor interactions involving tray. 
Table 2.5. Mean time from hatching to pupation or adult emergence (days) and the average pupal 
weight (g) for fall armyworm larvae feeding on artificial diets containing fusaproliferin or beauvericin. 
Treatment Concentration Days to Pupationa6 Pupal Weight Days to Adult Emergence 
Fusaproliferin 2 µgig 15.0 ± 0.25b 0.225 ± 0.006ab 22.7 ± 0.36b 
20 µgig 14.4 ± 0.18bc 0.217 ± .006abc 22.2 ± 0.39bc 
50 µgig 14.3 ± 0.22c 0.202 ± 0.006cd 22.0 ± 0.33bc 
100 µg/g 14.7 ± 0.24bc 0.219 ± 0.007abc 22.6 ± 0.40b 
Beauvericin 2 µgig 15.8±0.26a 0.185 ± 0.006d 24.7 ± 0.70a 
10 µg/g 14.5 ± 0.20bc 0.209 ± 0.009bc 22.2 ± 0.39b 
20 µg/g 14.8 ± 0.18bc 0.223 ± 0.006ab 22.6 ± 0.27b 
50 µgig 15.0 ± 0.27b 0.225 ± 0.007ab 22.2 ± 0.38b 
Diet only 13.5 ± 0.15d 0.235 ± 0.005a 21.1 ± 0.23c 
Methanol 14.6 ± 0.23bc 0.235 ± 0.005a 22.6 ± 0.42b 
ap or each response variable, the letter indicates a grouping of treatments according to Fischer's least significant 
difference (t-tests) results, conducted in the ANOVA analysis. Within letter group, treatments do not differ 
significantly (P > 0.05). 
~ean ± SEM days to pupation, pupal weight, or days to adult emergence. 
Vl w 
Table 2.6. Frequency of mortality of fall armyworm (number of insects =24 
total) fed artificial diets containing fusaprolif erin or beauvericin. 
Treatment Concentration Male Female Totala 
Fusaproliferin 2 µgig 3 2 5 
20 µg/g 3 1 4 
50 µg/g 4 3 7 
100 µg/g 4 0 4 
Beauvericin 2 µg/g 2 4 6 
10 µg/g 1 2 3 
20 µg/g 1 0 1 
50 µg/g 6 3 9 Vl ~ 
Diet only 2 0 2 
Methanol 2 1 3 
Total 28 16 44 
aNo significant effects (P > 0.05) of treatment or gender were detected. 




Fusaproliferin R = CH3COO 
Deacetyl Fusaproliferin R = OH 
Figure 2.1. Chemical structures of fusaproliferin and deacetyl fusaproliferin. 
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Abstract 
Fusarium species that infect maize plants produce toxic secondary metabolites 
(mycotoxins) that can potentially contaminate a variety of food and feed products. 
Fusaproliferin is one such compound that has this potential, because it is produced by F. 
proliferatum and F. subglutinans species that commonly infect maize. Because the effects of 
fusaproliferin on mammals have not been elucidated, attempts are being made to optimize 
conditions for its production in solid maize culture. Previous research indicated that 20°C 
was the optimal temperature for fusaproliferin production by F. subglutinans strain ITEM 
2404, but subsequent production on maize substrate at 20°C resulted in high deacetyl 
fusaproliferin concentrations but relatively low fusaproliferin concentrations. To identify 
optimal conditions for fusaproliferin production and to elucidate the relationship between 
fusaproliferin and deacetyl fusaproliferin production, three strains of F. subglutinans were 
cultured for 6 weeks at 20°C and 25°C on solid maize kernels. Fusaproliferin production and 
the ratio of fusaproliferin to deacetyl fusaproliferin were both dependent on temperature and 
fungal strain. Fusaproliferin production was greater at an incubation temperature of 25°C, 
with strains ITEM 2404 and ISU93277 exhibiting the highest fusaproliferin production ( 4241 
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µg/g and 3898 µg/g, respectively). The ratio of fusaproliferin to deacetyl fusaproliferin 
decreased over time but was always >l at 25°C for ITEM 2404 and ISU93277. At 20°C, 
deacetyl fusaproliferin production was greater than at 25°C, and the fusaproliferin to deacetyl 
fusaproliferin ratio declined to less <l after 6 weeks for all fungal strains. Therefore, 25°C 
was a superior incubation temperature in terms of overall fusaproliferin production and the 
ratio of fusaproliferin to deacetyl fusaproliferin. 
Introduction 
Many species of Fusarium Link that infect maize, Zea mays L., produce toxic 
secondary metabolites (mycotoxins) that can contaminate a variety of food and feed products 
(Joffe, 1986). There are concerns about the occurrence of these toxins due to their common 
presence in maize and their association with human and animal diseases. Although numerous 
Fusarium mycotoxins in maize, such as fumonisins and deoxynivalenol, have been well 
characterized, the roles of lesser-known or unidentified mycotoxins should not be 
underestimated. 
Results of toxicological studies with Fusarium-contaminated feeds or extracts cannot 
always be associated to known toxins (Logrieco et al., 1993a; Nagaraj et al., 1994; Logrieco 
et al., 1995; Moretti et al., 1995; Leslie et al., 1996). Additionally, many clinical cases of 
suspected mycotoxicoses cannot be attributed to known causes. In the mid-1990's two 
independent studies, using different strains of F. proliferatum (Matsushima) Nirenberg, 
indicated a lack of correlation between the concentrations of moniliformin and fumonisin B1, 
or beauvericin, and the toxicity exhibited in chicks and Artemia salina L., respectively 
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(Nagaraj et al., 1994; Logrieco et al., 1995). Although each study considered the possibility 
that an additive or synergistic interaction occurred, no definitive conclusions were drawn. 
Subsequent research led to the isolation and characterization of fusaproliferin from F. 
proliferatum strain ITEM 1494 (Randazzo et al., 1993; Ritieni et al., 1995; Santini et al., 
1996). Fusaproliferin (Figure 3.1) is a sesterterpene (C21H4007) and an isoprenoid with a 
structure similar to retigeranic acid (Santini et al., 1996). As with F. proliferatum, extracts 
fromF. subglutinans (Wollenweber & Reinking) Nelson, Toussoun, and Marasas cultures 
also exhibited toxicity to A. salina that could not be attributed to known toxins (Logrieco et 
al., 1993a; Logrieco et al., 1993b; Moretti et al., 1995). Fusaproliferin was isolated from 
various strains of F. subglutinans as well as F. globosum Rheeder, Marasas and Nelson strain 
MRC 6648, but not F. moniliforme (Logrieco et al., 1996; Shephard et al., 1999). 
The establishment of fusaproliferin as a natural contaminant in feed and maize from 
Iowa, Europe, and South Africa (Ritieni et al., 1997b; Munkvold et al., 1998; Shephard et al., 
1999) has led to increased concerns about the possible role fusaproliferin plays in human and 
animal health. These concerns are justifiable since F. subglutinans is a worldwide pathogen 
of maize, and it can be the most common Fusarium species present in temperate climates on 
maize (Marasas et al., 1979; Abbas et al., 1991; Logrieco et al., 1993a; Park et al., 1996). 
Although fusaproliferin is highly toxic to a SF-9 insect cell line, IARC/LCL 171 
human B-lymphocytes, and teratogenic to chicken embryos (Logrieco et al., 1996; Ritieni et 
al., 1997 a), its effects on mammals are not known. It is important to determine the effects of 
fusaproliferin on mammals because it occurs in naturally contaminated maize associated with 
feed refusal by swine (Munkvold et al., 1998) and may contribute to other unexplained 
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animal health problems. Studies using fusaproliferin will also help elucidate possible 
additive or synergistic effects with other Fusarium mycotoxins. 
Since adequate quantities of this mycotoxin are needed to perform mammalian 
toxicity studies, attempts are being made to optimize the production of fusaproliferin in solid 
maize culture, which is commonly used for the production of other Fusarium toxins 
(Logrieco et al., 1993a; Nelson et al., 1994; Logrieco et al., 1995). Fusaproliferin has been 
produced in solid maize culture (Ritieni et al., 1995; Logrieco et al., 1996) and the effects of 
temperature and substrate have been investigated (Castella et al., 1999; Kostecki et al., 1999). 
With F. subglutinans strain ITEM 2404, isolated in Iowa from maize-based feed, a 
higher concentration of fusaproliferin resulted from an incubation temperature of 20°C, 
rather then 25°C or 30°C, after 6 weeks of incubation on solid maize substrate (Castella et 
al., 1999). The fusaproliferin concentrations produced by ITEM 2404 ( 4309 µgig) at 20°C 
were greater than in previous studies ( 4-1500 µg/g) where F. subglutinans strains were 
grown on solid maize substrate for 4 weeks at 25°C (Logrieco et al., 1996; Munkvold et al., 
1998). In another study, after 3 weeks of incubation F. subglutinans ITEM 1434 produced 
similar concentrations of fusaproliferin (83-115 µgig) at 20°C and 25°C (Kostecki et al., 
1999). Maize was a better substrate than rice for fusaproliferin production by ITEM 2404 
(Castella et al., 1999) but rye was better than maize for ITEM 1434 (Kostecki et al., 1999). 
The variability in fusaproliferin production in these four studies suggests that optimal 
conditions for fusaproliferin production are variable and may differ among fungal strains. 
In previous studies (Logrieco et al., 1996; Munkvold et al., 1998; Castella et al., 
1999; Kostecki et al., 1999), investigators did not characterize the production of deacetyl 
fusaproliferin, another metabolite produced by F. proliferatum and F. subglutinans. 
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Subsequent culturing of ITEM 2404 grown at 20°C produced low concentrations of 
fusaproliferin and high concentrations of deacetyl fusaproliferin. Information on deacetyl 
fusaproliferin is sparse, but it is not toxic to A. salina (Ritieni et al., 1997 a). Although the 
synthesis pathway of deacetyl fusaproliferin has not been established, it has been suggested 
that deacetyl fusaproliferin is either a metabolic precursor or degradative product of 
fusaproliferin (Ritieni et al., 1997a, 1999). 
Previous studies have shown that F. subglutinans strains varied in their ability to 
produce fusaproliferin, but optimal conditions are not yet clear. The objective of the current 
study was to improve the overall understanding of the chemistry of fusaproliferin production 
by characterizing the development of fusaproliferin and deacetyl fusaproliferin using three 
different strains of F. subglutinans incubated at two temperatures. 
Materials and Methods 
Reagents. Analytical grade fusaproliferin was a gift of Alberto Ritieni, Istituto 
Tossine e Micotossine da Parasiti Vegetali of Bari, Italy. HPLC grade acetonitrile, 
methylene chloride, and methanol, as well as pesticide grade petroleum ether and A.C.S. 
sodium chloride, were purchased from Fisher Scientific (St. Louis, MO). 
Maize Culture Preparation and Sampling. Three strains of F. subglutinans (ITEM 
2404, originally isolated from maize-based livestock feed in Iowa; ISU93100 and ISU93277, 
originally isolated from maize kernels in Iowa) were grown on carnation leaf agar in 60 x 15 
mm Petri dishes for 7 to 9 days. Each strain' s identity was confirmed by morphology as 
described by Nelson et al. (1983). An aqueous spore suspension was prepared from the Petri 
dishes by rinsing with 3 ml of filtered, distilled water. The aqueous suspension was filtered 
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through sterile cheesecloth into an Erlenmeyer flask containing 400 ml of filtered, distilled 
water. A sample of the aqueous suspension was placed on a hemacytometer and the conidia 
were counted to ensure that at least 105 conidia/ml were present. 
Culture substrate was prepared by mixing 100 g of yellow maize kernels and 90 ml of 
filtered, distilled water (90% dry basis moisture content) in autoclavable bags, 12 x 5 cm. 
The bags were closed by folding them 5 cm from the top and stapling three times. The bags 
were then autoclaved for 1 hour at 121 °C on two consecutive days, to moisten and sterilize 
the maize kernels. After the bags were autoclaved a second time, they were cooled for 24 
hours before inoculation with the three fungal strains. Five milliliters of the aqueous 
suspension of each strain was injected into 3 6 of the bags with a sterile syringe, the puncture 
was covered with tape (to decrease contamination), and the maize kernels mixed to distribute 
the spores. Between each injection, the flask was mixed to ensure that the conidia were 
equally distributed. 
Eighteen of the inoculated bags were arbitrarily arranged in a dark incubator at 20°C, 
and the other 18 bags were arbitrarily placed in a dark incubator at 25°C. Each incubator also 
contained noninoculated bags, which were treated in the same way as the inoculated bags but 
were inoculated with filtered, distilled water. The bags remained closed for approximately 
24 hours to allow each fungal strain to establish on the maize kernels. After 24 hours, six½-
cm air holes were made near the top of each bag to allow aeration. The bags remained in the 
incubators for 6 weeks, during which time substrate clumps were broken up every 1 to 2 days 
to increase surface area and enhance fungal growth. 
The experiment was designed as a 2x4x6 factorial with two temperatures (20°C and 
25°C), four treatments ( three F. subglutinans strains and a control), and six weekly sampling 
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dates. Each week, for 6 sampling dates, triplicate bags of each fungal strain and temperature 
were removed from the incubators. Dry weight of culture substrate was determined by 
removing two 10.0-g subsamples from each bag. They were placed in small, labeled paper 
bags, oven dried at 100°C for 48 hours, and reweighed. The dry weight of each subsample 
was divided by the average dry weight of the noninoculated sample and multiplied by 100 so 
the dry weights of the fungal strains were represented as a percentage of the control. 
Decreases in substrate dry weight for each fungal strain represented the rate at which each 
fungal strain metabolized the substrate throughout the 6-week incubation period. 
After removal of the dry-weight subsamples, each sample was removed from its bag 
and spread on a greenhouse bench to dry. After 24 hours, each sample was individually 
bagged and stored at - l 0°C until ground. The air-dried samples were ground using a Kitchen 
Aid® Ultra Power Mill Grain attachment. Between samples, the grain mill attachment was 
removed from the Kitchen Aid and thoroughly cleaned with compressed air, hot water, and 
95% ethanol. The ground samples were returned to storage (-10°C), until fusaproliferin and 
deacetyl fusaproliferin were extracted. 
Fusaproliferin and Deacetyl Fusaproliferin Extraction. Fusaproliferin was 
extracted and analyzed as described by Stahr (1991) with minor modifications. A 10.0-g 
sample from each bag was blended for 4 minutes in a Waring® blender with 200-ml of 
warmed (60-65°C) acetonitrile:millipore water (90: 10, v:v). The solid portion of each sample 
was collected under vacuum using a Buchner funnel lined with glass fiber filter circles ( dia. 
9.0 cm). The filtrate volume was measured in order to calculate the actual extracted sample 
size (grams). 
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The filtrate was treated with 100 ml of petroleum ether and removed. To the bottom 
filtrate layer, 200 ml of 2% sodium chloride and 1 OOml-methylene chloride were added. 
Sodium chloride changed the ionic properties of fusaproliferin and deacetyl fusaproliferin so 
when methylene chloride was added these two compounds were forced into the methylene 
chloride layer. The methylene chloride layer was collected and evaporated using a Bu.chi® 
rotovapor, with the water bath at 40+/-5 °C. 
The dried extract was removed and transferred to 7-ml vials with 3 ml of clean 
methylene chloride. Each extract was concentrated to dryness under nitrogen, resolvated in 2 
ml of methanol, and sealed with a foil-lined cap. However, after the third week, due to the 
high concentration of fusaproliferin and deacetyl fusaproliferin present, the extracts could not 
be completely concentrated. Therefore, the extracts were placed in graduated test tubes with 
2 ml of methanol to obtain the exact volume. The vials were stored at - l 0°C until HPLC 
analysis was completed. 
Controls ( original maize samples and noninoculated samples incubated for 6 weeks) 
were also analyzed for the presence of fusaproliferin. For these extractions, a 10.0-g sample, 
as well as a 10.0-g sample+ 1 µg/g analytical grade fusaproliferin spike, were extracted. An 
additional 100-ml portion of petroleum ether was added to the noninoculated samples to 
obtain cleaner extracts, since preliminary extraction of the control bags resulted in poor 
HPLC separation. 
HPLC Analysis and Quantification. Fusaproliferin and deacetyl fusaproliferin 
were chromatographed on a Perkin Elmer 3x3 pecosphere Cl8 column using a Waters 
6000A pumping system with a mobile phase of methanol:water (80:20, v:v) at a flow rate of 
1 ml/min. Monitoring of fusaproliferin and deacetyl fusaproliferin was completed by using 
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UV detection (Shimadzu SPD-6A) set at 263 nanometers. Retention times for fusaproliferin 
and deacetyl fusaproliferin were 1.18 and 0.9 minutes respectively. The limit of detection 
was 0.8 µg/g. 
The concentrations (µg/g) of fusaproliferin and deacetyl fusaproliferin were 
quantified by comparing the unknown peak areas to a standard curve of analytical grade 
fusaproliferin. Extracts outside the standard curve were diluted. By comparing peak areas of 
fusaproliferin and deacetyl fusaproliferin with the standard curve, quantification was 
performed using the known amount of extracted sample to calculate µg/g sample. The 
following formula was used to determine fusaproliferin and deacetyl fusaproliferin µg/ g 
contained within each sample: 
µg of fusaproliferin or deacetyl x volume of extract X dilution factor 
fusaproliferin from standard curve volume injected (10µ1) gram equivalent of extract 
Statistical analysis. The changes in fusaproliferin and deacetyl fusaproliferin concentrations 
over 6 weeks did not fit linear or quadratic regression models, which treated week as a 
quantitative variable. Therefore, analysis of variance (GLM procedure, SAS Institute, 1996) 
was conducted to assess the effects of temperature, strain, and week on fusaproliferin and 
deacetyl fusaproliferin levels. A full factorial model was used to assess the effects of all 
variables and possible interactions for fusaproliferin and deacetyl fusaproliferin. Using the 
full (linear) model, least squares means comparisons were used to assess significant 
differences in fusaproliferin and deacetyl fusaproliferin among strains, temperatures, and 
weekly sampling dates. Dry weight data were analyzed in the same manner. 
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Results 
Fusaproliferin. Production offusaproliferin (Figure 3.2 and 3.3) commenced after 
the first week of incubation for all three fungal strains at both incubation temperatures. The 
concentration of fusaproliferin differed significantly (P s 0.05) among temperatures, strains, 
and sampling dates and there was a significant three-factor interaction 
(temperature*strain*sampling date) (Table 3.1). 
At 25°C, fusaproliferin concentration for ISU93277 and ITEM 2404 steadily 
increased throughout the incubation period, but at 20°C fusaproliferin production for these 
two fungal strains was lower, with maximum concentrations occurring at week 4. The 
highest concentration of fusaproliferin for fungal strain ISU93 l 00 occurred at 25°C at week 5 
(2164 µg/g), but ISU93100 was not the best producer for that week, and overall it was the 
least productive fungal strain. 
After 5 weeks, the most prolific fusaproliferin producing strains were ITEM 2404 
(3779 µgig) and ISU93277 (2879 µgig), which were significantly different from one another 
(P s 0.05) (Table 3.2). The concentration of fusaproliferin for these strains was also 
significantly different (P s 0.05) at 20°C, but they were significantly lower than 
concentrations produced at 25°C. At week 6, however, at 25°C the concentrations of 
fusaproliferin produced by ITEM 2404 (4241 µg/g) and ISU93277 (3898 µgig) were not 
significantly different (P > 0. 05). Fusaproliferin production at 25°C by ITEM 2404 tapered 
off during week 6 (P > 0.05), with its concentration increasing by only 462 µg/g. In contrast, 
the concentration of fusaproliferin for ISU93277 significantly increased (P s 0.05) by 1019 
µg/g during the 6th week. After 6 weeks, concentrations of fusaproliferin for ITEM 2404 
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(1382µg/g) and ISU93277 (1850µg/g) at 20°C were also not significantly different (P > 
0.05), and remained lower than concentrations produced at 25°C (Table 3.2). 
Deacetyl Fusaproliferin. Although deacetyl fusaproliferin production (Figure 3 .4 
and Figure 3. 5) commenced after the first week of incubation, concentrations remained low 
until the 3rd week for all three fungal strains at 20°C and 25°C. Data from the first two 
sampling dates were excluded from deacetyl fusaproliferin analysis because measurements 
from this period were much less variable than later dates and because little or no deacetyl 
fusaproliferin was produced during the first 2 weeks. Analysis was performed on data from 
sampling dates 3 to 6 because it was during this time that the concentrations of deacetyl 
fusaproliferin substantially changed. Production of deacetyl fusaproliferin from the 3rd 
through the 6th week differed significantly (PS 0.05) among temperatures and sampling 
dates but did not differ significantly (P > 0.05) among the three fungal strains. There was 
also a significant two-factor interaction (temperature*sampling date) (Table 3.1). 
All three strains incubated at 20°C showed a significant (P ~ 0.05) sharp increase in 
deacetyl fusaproliferin production after week 4 (Table 3 .3), which continued for the duration 
of the incubation period. The most significant increase occurred during week 5, when the 
mean concentration of deacetyl fusaproliferin increased nearly 6x compared to the previous 
week. At 20°C, deacetyl fusaproliferin concentrations at week 6 were approximately 4000 
µg/g for strains ISU93277 and ITEM 2404 and 2600 µg/g for ISU93100. The mean 
concentration at this incubation temperature was approximately 3614 µg/g, which was higher 
than 25°C. 
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At 25°C, significant increases (P $ 0.05) in deacetyl fusaproliferin occurred during 
weeks 4 and 6 (Table 3.3). Deacetyl fusaproliferin production was stagnant throughout the 
rest of the incubation period. During week 4 the mean concentration of deacetyl 
fusaproliferin significantly increased (P $ 0.05) by nearly lOx, and by an additional 2x 
during week 6. At 25°C, deacetyl fusaproliferin concentrations at week 6 were 
approximately 1600 µg/g for ISU93100 and ITEM 2404 and 2000 µgig for ISU93277. The 
mean deacetyl fusaproliferin concentration at week 6 was approximately 1800 µg/g, which 
was the highest mean concentration at 20°C. 
As with fusaproliferin production, the incubation temperature played an important role 
in deacetyl fusaproliferin production. In contrast, however, the highest deacetyl fusaproliferin 
concentrations occurred at 20°C instead of 25°C, with week 6 concentrations that were 
approximately 2x greater at 20°C than at 25°C. 
Fusaproliferin:Deacetyl Fusaproliferin Ratios. The ratios of fusaproliferin to 
deacetyl fusaproliferin differed significantly (P $ 0.05) among strains, temperatures, and 
sampling dates, and there were significant two-way (temperature*strain or sampling date) 
and three-way (temperature*strain*sampling date) interactions (Table 3.1). At both 
incubation temperatures (Figure 3.6 and Figure 3.7) the ratio was initially >l for all fungal 
strains and remained steady or increased during weeks 1 and 2. During the weeks 3 and 4, at 
20°C and 25°C respectively, substantial increases in deacetyl fusaproliferin production 
occurred, decreasing the ratios. 
At 20°C (Figure 3.6) the ratio declined to <l for all three strains after 6 weeks. The 
initially higher concentrations of fusaproliferin declined after week 4 and the rapid 
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accumulation of deacetyl fusaproliferin after week 3 led to ratios that were < 1 for all three 
fungal strains at week 6. Although ISU93277 produced the highest concentration of 
fusaproliferin at this incubation temperature it is not reflected by its ratio, which was the 
smallest. At this incubation temperature, ISU93 100 had the highest ratio at the end of 6 
weeks. 
At 25°C (Figure 3. 7), ISU93 l 00 had the highest ratio of fusaproliferin to deacetyl 
fusaproliferin after 2 weeks, but during the remainder of the incubation period the ratio 
declined as it did at 20°C. In contrast, although ISU93277 and ITEM 2404 exhibited the 
same decreasing trend, their ratios remained > 1 after 6 weeks. These two fungal strains also 
had a ratio that was nearly 2x greater than the ratio for ISU93100 after 6 weeks. ISU93 l 00 
was the worst fusaproliferin producer at this incubation temperature, which was reflected by 
the fact that its week 6 ratio was <l. The concentration of fusaproliferin was initially larger 
than deacetyl fusaproliferin, as occurred at 20°C, but at this temperature the concentration of 
fusaproliferin continued to increase even in the presence of increasing deacetyl fusaproliferin 
concentrations. Although ITEM 2404 and ISU93277 produced similar concentrations of 
fusaproliferin, ITEM 2404 had the largest overall ratio (2.64). 
Dry Weight. There were no significant differences in dry weight among fungal 
strains. Dry weight differed significantly (P < 0.05) among sampling dates and temperatures, 
and there was a significant (P ~ 0.05) two-factor interaction (sampling date*temperature) 
present. 
At 20°C the dry weight decreased (Figure 3.8) each week for 5 weeks for all three 
fungal strains and remained stable during the last week. In contrast, at 25°C reductions in dry 
weight (Figure 3. 9) did not occur until after 3 weeks for ISU93 l 00 and 4 weeks for 
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ISU93277 or ITEM 2404. Dry weight then decreased until week 6 when it remained stable. 
Week 1 dry weight was significantly different (P:::;; 0.05) from week 3-6 dry weights at 20°C 
and week 5-6 at 25°C. There were no significant differences (P > 0.05) in dry weight 
between the two incubation temperatures at week 5 and 6. 
Discussion 
In the current study, the most prolific fusaproliferin production occurred at 25°C, for 
all three fungal strains. Although the concentration of fusaproliferin for ITEM 2404 tapered 
off significantly (P > 0.05) during week 5 and 6, the same was not true for ISU93277. The 
production of fusaproliferin for this fungal strain significantly increased (P:::;; 0.05), leading 
to the possibility that six weeks may not be enough time for ISU93277 to reach its maximum 
potential. For the purpose of toxicity studies, however, an incubation period longer than 6 
weeks is not advantageous. 
Although there was a relationship between the incubation temperature and the 
quantity of fusaproliferin produced by ISU93277 and ITEM 2404, the same cannot be said 
for ISU93 l 00. The fact that ISU93100 metabolized the substrate well but was not a prolific 
fusaproliferin producer demonstrates that F. subglutinans strains vary in their ability to 
produce fusaproliferin. This is consistent with previous studies showing that strains of F. 
subglutinans varied in fusaproliferin production (Logrieco et al., 1996; Munkvold et al., 
1998; Kostecki et al., 1999). 
Results of this study differed from previous research using ITEM 2404. Previously, 
ITEM 2404 produced approximately I 000 µg/ g of fusaproliferin after 4 weeks of incubation 
at 25°C (Munkvold et al. 1998). This does not compare favorably with the current study 
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where the concentration of fusaproliferin after 4 weeks, under the same conditions, was 
approximately 2312 µg/g. A possible explanation for the concentration differences is that 
whereas Munkvold et al. (1998) used maize kernels that were 45% dry basis moisture 
content, in this study we used maize kernels that were 90% dry basis moisture content. The 
increased kernel moisture may have enhanced fungal development, by softening the maize 
kernels or providing additional water for fungal respiration, thereby producing higher 
quantities of fusaproliferin. In addition, differences in the maize cultivar and kernel size may 
have affected fusaproliferin production. Smaller kernels may provide a greater surface area 
thereby helping to promote prolific fungal growth. 
In contrast, Castella et al. ( 1999) found higher concentrations of fusaproliferin were 
produced in solid maize cultures incubated at 20°C ( 4309 µgig) rather than 25°C ( <500 µg/g) 
using ITEM 2404 incubated for 6 weeks. The level of fusaproliferin (4241 µg/g) produced in 
the current study, at 25°C, was comparable to the level of fusaproliferin produced at 20°C, as 
reported by Castella et al. (1999). The two studies differed in the bag size and the substrate 
moisture content as well as the maize cultivar. Castella et al. ( 1999) used a I 00% dry basis 
moisture content. These factors do not explain, however, the change in the optimal 
incubation temperature from that study to the current one. 
One possible explanation is that digitally controlled incubators were not available for 
the study completed by Castella et al. (1999). In the current study the cultures incubated at 
20°C were placed in a digitally controlled incubator, where temperature control was likely to 
be more precise. Temperature variability of+/- 2 °C might alter conclusions about optimal 
temperature. In addition, ITEM 2404 might have undergone a mutation over the 
approximately 2-year storage between the two studies, since Fusarium spp. are known to be 
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vulnerable to mutation in storage (Nelson et al., 1983). The influence of contaminating 
microorganisms may also contribute to variability among experiments. Autoclaved maize is 
not completely sterile and some growth of other organisms may have occurred during the 
incubation period. Deacetyl fusaproliferin was not evaluated in the 1999 study. In routine 
culturing ofITEM2404, subsequent to the study by Castella et al. (1999), higher levels of 
deacetyl fusaproliferin than fusaproliferin were found in cultures grown at 20°C, a result 
confirmed by this study. 
A correlation was observed between the color of the maize substrate/extract to the 
level of fusaproliferin detected throughout the time course at 25°C. At this incubation 
temperature, the substrate developed a purple hue and their extracts had a red-violet color 
whose intensity increased throughout the incubation period for ITEM 2404 and ISU93277. 
The maize cultures incubated at 20°C, and 1SU93 l 00 at 25°C, had a less prominent purple 
hue, and its extracts did not have the same distinct red-violet color. However, a chemical 
relationship, if any, between the pigment and the toxin has not been established. 
The noninoculated control bags used for dry weight analysis were also analyzed after 
6 weeks of incubation for fusaproliferin. Quantification of the controls at 20°C and 25 °C 
showed there to be an average of 19.2 +/- 17.3 µg/g and 3.7 +/-6.5 µg/g offusaproliferin 
respectively. The presence of fusaproliferin in the control bags is not surprising because (1) 
fusaproliferin was present in the maize substrate before inoculation (1.5 µg/g; 105% 
recovery) and (2) conditions were favorable for subsequent fusaproliferin production if some 
Fusarium contamination survived in the autoclaved maize. However, fusaproliferin 
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concentrations detected at week 6 in the noninoculated bags, remained lower than those 
levels produced at week 1 in the inoculated bags. 
Deacetyl fusaproliferin production at 20°C was comparable to production of 
fusaproliferin at 25°C. Significant production of deacetyl fusaproliferin, a less toxic 
compound (Ritieni et al., 1997a), did not occur until the 3rd or 4th week, at 25°C and 20°C 
respectively. This indicates that certain conditions, such as fungal establishment and maize 
kernel breakdown, may be needed before the concentration of deacetyl fusaproliferin could 
mcrease. 
At 20°C, deacetyl fusaproliferin accumulation began at the same time that 
fusaproliferin levels began to decrease, suggesting that deacetyl fusaproliferin may be a 
degradative product of fusaproliferin. Fusaproliferin may not be stable, at 20°C, so that after 
a certain period it was broken down or degraded to deacetyl fusaproliferin. A ratio <l for all 
fungal strains further emphasizes that 20°C is not an optimal temperature for fusaproliferin 
production. Although this incubation temperature provided at least 1000 µgig of 
fusaproliferin, large quantities of non-toxic deacetyl fusaproliferin also were present. 
An incubation temperature of 25°C provided favorable, but not optimal conditions for 
the production of deacetyl fusaproliferin, which did not appear to result from fusaproliferin 
degradation. As shown by the ratios, this incubation temperature provided stable conditions 
for the synthesis and stability of fusaproliferin; therefore a rapid enzymatic step may occur 
where the acetate is added to deacetyl fusaproliferin to produce fusaproliferin. Ratios > 1 for 
ITEM 2404 and ISU93277 further support 25°C as the optimal temperature for fusaproliferin 
production. ITEM 2404, incubated at 25°C, was the best overall fusaproliferin producer, 
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based on the week 6 ratios. Deacetyl fusaproliferin production as the result of fusaproliferin 
degradation may have also occurred at 25°C, but to a lesser extent than at 20°C. 
The structure of fusaproliferin is similar to retigeranic acid (Santini et al., 1996), but 
little is known about its synthesis pathway. The same is true for deacetyl fusaproliferin, 
since it is unknown whether this compound is a precursor of fusaproliferin and/or a product 
of fusaproliferin degradation. Ritieni et al. (1997a) proposed that the deacetyl fusaproliferin 
was produced as a precursor to fusaproliferin, which was only clearly supported by results 
obtained at 25°C. In contrast, at 20°C the results lead to the possibility that deacetyl 
fusaproliferin may be a degradative product of fusaproliferin, based on the substantial 
increase of deacetyl fusaproliferin and decrease offusaproliferin after week 4. This supports 
claims made by Ritieni et al. in 1999. 
Based on the lack of any definitive conclusions concerning the synthesis of these two 
compounds, we can only clearly conclude that fusaproliferin, as well as deacetyl 
fusaproliferin production, is temperature sensitive, and conditions such as fungal 
establishment and maize kernel breakdown are important to the production of these two 
compounds. The results do provide some insight as to the synthesis of these two compounds, 
but a radioactive tracer study would be required to conclusively define their synthesis 
pathways. 
Throughout the time course the three strains of F. subglutinans proliferated by using 
the substrate as a carbon source and subsequently releasing CO2 as a waste product. The 
purpose of analyzing dry weight was to assess the relative rates of substrate utilization in 
relation to fusaproliferin production. However, the patterns of dry weight reduction did not 
relate well to patterns of fusaproliferin or deacetyl fusaproliferin production. 
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At 20°C the fungus metabolized the substrate at a rate that resulted in a continual 
decrease in its dry weight for 5 of the 6 weeks. Fusaproliferin production at this cooler 
temperature was not optimal, so if substrate metabolism was related to fusaproliferin 
production, the dry weight should have remained steady. Instead, the substrate was 
consistently metabolized. The concentration of deacetyl fusaproliferin could also not be 
correlated to weight reduction because its concentration was stagnant until after week 4. At 
25°C the dry weight of the samples did not decrease for 4 of the 6 weeks. In addition, 
comparison of fusaproliferin or deacetyl fusaproliferin P and F-values to those of dry weight 
also did not provide any definitive conclusions. Correlations, therefore, between the rate of 
production of fusaproliferin or deacetyl fusaproliferin to the rate of fungal metabolism of the 
maize substrate could not be drawn. 
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Table 3.1. F-values and P-values for a full factorial model assessing the effects of temperature, fungal strain, 
and sampling date on the concentrations of fusaproliferin and deacetyl fusaproliferin, and the ratio of 
fusaproliferin:deacetyl fusaproliferin produced by Fusarium subglutinans on solid maize substrate at 20°C 
and 25°C. 
Fusaproliferin Deacetyl Fusaproliferin Fusaproliferin:Deacetyl 
Fusaerolifeirn Ratio 
Variable F-Value P-Value F-Value P-Value F-Value P-Value 
Temperature 35.39 0.0001 36.49 0.0001 14.11 0.0003 
Strain 30.51 0.0001 2.43 0.0991 14.41 0.0001 
Sampling date 95.82 0.0001 90.15 0.0001 106.07 0.0001 
Temperature* Strain 16.17 0.0001 2.44 0.0982 10.00 0.0001 
Temperature*Sampling date 27.81 0.0001 24.83 0.0001 7.45 0.0001 
Strain*Sampling date 5.01 0.0001 1.71 0.1389 7.29 0.0001 





Table 3.2. Fusaproliferin concentrations in solid maize cultures of three strains of Fusarium 
subglutinans after 5 or 6 weeks of incubation at 20°C or 25°C. 
5 Weeks 6 Weeks 
Fungal Strain Temperature Fusaproliferinxyz Fungal Strain Temperature Fusaprolif erinxyz 
(µg/g) (µg/g) 
ISU93100 20 820d ISU93100 20 141 lb 
ISU93100 25 2164c ISU93100 25 1454b 
ISU93277 20 2233c ISU93277 20 1850b 
ISU93277 25 2879b ISU93277 25 3898a 
ITEM2404 20 101 ld ITEM 2404 20 1382b 
ITEM 2404 25 3779a ITEM2404 25 4241a 
- Detection limit = 0. 8 µg/ g. 
- Means within a column followed a common letter do not differ significantly (P > 0.05) according to 
Least Squares Means comparisons. 
z - Values are means of three replications. 
00 ...... 
Table 3.3. Deacetyl fusaproliferin concentrations in solid maize cultures of three 
strains of Fusarium subglutinans during weeks 3-6 of incubation at 20°C or 25°C. 
Week Temperature Deacetyl fusaproliferinxyz (µg/g) 
3 20 210f 
3 25 120f 
4 20 440ef 
4 25 1066d 
5 20 2398b 
5 25 828de 
6 20 3614a 
6 25 1826c 
x - Detection limit = 0. 8 µg/ g. 
Y - Means within a column followed a common letter do not differ significantly (P > 0.05) 
according to Least Squares Means comparisons. 
z - Mean deacetyl fusaproliferin (µg/g) concentration of F. subglutinans strains 
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F. subglutinans strain 
-e-- ISU93277 
-Cr- ITEM2404 
--Y- ISU93 100 
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Figure 3.2. Time course of fusaproliferin production by Fusarium 
subglutinans in maize at 20°C. Error bars are standard errors of 
the means.Each value is the mean of three replications. 
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Figure 3.3. Time course of fusaproliferin production by Fusarium 
subglutinans in maize at 25°C. Error bars are standard errors of 




































F. subglutinans strain 
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-o- ITEM 2404 
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85 
1 2 3 4 5 
Incubation period (Weeks) 
6 7 
Figure 3.4. Time course of deacetyl fusaproliferin production by Fusarium 
subglutinans in maize at 20°C. Error bars are standard errors of the means. 













F. subglutinans strain 
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---.- ISU93100 
1 2 3 4 5 
Incubation period (Weeks) 
6 7 
Figure 3.5. Time course of deacetyl fusaproliferin production by Fusarium 
subglutinans in maize at 25°C. Error bars are standard errors of the means. 
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F. subglutinans strain 
---- ISU93277 
--o- ITEM 2404 
-T- ISU93100 
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Figure 3.6. Time course of fusaproliferin:deacetyl fusaproliferin ratios 
produced by Fusarium subglutinans in maize at 20°C. Error bars are 
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Figure 3. 7. Time course of fusaproliferin: deacetyl fusaproliferin ratios 
produced by Fusarium subglutinans in maize at 25°C. Error bars are 
standard errors of the means. Each value is the mean of three replications. 
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F. sub glutinans strain 
------ 1SU93277 
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Figure 3.8. Time course of substrate dry weight for Fusarium subglutinans 
grown in solid maize culture at 20°C, represented as a percentage of the control. 
Error bars are standard errors of the means. Each value is the mean of three replications. 
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Figure 3.9. Time course of substrate dry weight for Fusarium subglutinans 
grown in solid maize culture at 25°C, represented as a percentage of the control. 




The objective of Chapter 2 was to determine the oral toxicity of fusaproliferin and 
beauvericin toward European corn borers, Ostrinia nubilalis, and fall armyworms, 
Spodoptera frugiperda (J.E. Smith), two lepidopteran pests of maize. Through this study we 
hoped to provide some whole-animal toxicity data for fusaproliferin and better understand 
the toxic nature, or lack thereof, of beauvericin to lepidopteran insects. 
Consumption of fusaproliferin or beauvericin did not affect the overall development of the 
European corn borers, and any effect observed throughout their development was not dose 
related. In addition, larval and pupal mortality was not related to treatment or gender. 
Although significant differences in the pupal weights of the fall armyworms occurred after 
the oral ingestion of fusaproliferin or beauvericin, they were not dose-related. Therefore, the 
oral ingestion of fusaproliferin or beauvericin also did not affect the development of the fall 
armyworms. As with the European corn borers, mortality of larval and pupal fall 
armyworms was not related to gender or treatment. 
The results of this study, combined with previous insect toxicity data, suggest that 
beauvericin is not a potent insect toxin. This study is the first investigating fusaproliferin as 
a potential insect toxin. Although fusaproliferin is toxic to cell cultures derived from fall 
armyworms, it may not be toxic to the whole organism. The results, though, do help to 
further characterize the toxic nature of fusaproliferin. The possible adaptation of the 
European corn borer and fall armyworm to fusaproliferin and beauvericin cannot be 
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established, however, until the toxicity of these compounds is demonstrated toward 
lepidopteran insects that are not pests of maize. 
The objective in Chapter 3 was to identify the optimal combination of fungal strain and 
incubation temperature that produced the highest concentrations of fusaproliferin as well as 
deacetyl fusaproliferin. By using three strains of Fusarium subglutinans at two incubation 
temperatures, we hoped to better understand the chemistry of fusaproliferin and deacetyl 
fusaproliferin production by characterizing their development. 
In this study, optimal fusaproliferin production occurred at 25°C. The most prolific 
fusaproliferin producers at 25°C were ITEM2404 (424Iµg/g) and ISU93277 (3898µg/g), 
which produced comparable concentrations after 6 weeks. ISU93100 was the least 
productive fungal strain, demonstrating that F. subglutinans strains vary in their ability to 
produce fusaproliferin. A correlation, for these fungal strains, was also seen between the 
color of the maize substrate/extract and the level of fusaproliferin produced at 20°C and 
25°C. Further work, however, is needed to determine whether a chemical relationship exists. 
Deacetyl fusaproliferin production was higher at 20°C (mean concentration= 3614 µg/g), 
with levels that were comparable to those seen for fusaproliferin at 25°C. In contrast to 
fusaproliferin production, significant production did not occur until after 3 weeks. Definitive 
conclusions about the synthesis pathway of deacetyl fusaproliferin as well as fusaproliferin, 
however, can not be established from the results of this study. Future studies using 
radioactive tracers to follow the production of these compounds are needed to fully 
understand their synthesis pathways. 
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In addition, the maize substrate of all three fungal strains was metabolized at statistically the 
same rate. Therefore, differences in fusaproliferin and deacetyl fusaproliferin production 
were not due to differences in substrate metabolism, and the ability of F. subglutinans to 
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